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future. , „ 

Conserving Energy .< * 

Students think about ways to conserve energy; both in 
relationship to conversion efficiency and personal 
desires. They complete an Energy ' Attitude Survey. 

Nuclear Energ y 

This lesson is an introduction to the processes in 
nuclear energy from mining uranium to the power plants. 
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Introduction 
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« 

he m*jor emphasis in Energy Syste ms, Present —Future , is that enerev 
lows through systems. An introduction to* energy flow and to flow- 
charts is presented. This is followed by analysis of 'common examples 
of important .energy flow systems. The third section is ttte examina- 
■ tion of short term energy options. The last section looks at energy 
.-alternatives for future options. " - . 

These energy -systems are approached through a theme of outer space ' 
visitors. The extra-terrestrials, called Solardroids, add a unique 
perspective to this packet. 

Lessons « k ' f ' 

i 

The twelve lessons are structured 'so that they may be integrated 
into science, classes in 7th, 8th and/or 9th grades, There is suffi- 
cient material and challenge for twelve class period*. Suggestions 
are made for extension of- study over a longer period of time. ' These 
lessons have been labeled Optional. 

v Th^s material has been prepared for teachers of three different > 
grade levels. It is intended to accommodate teachers who use dif- 
ferent teaching styles. This joint accommodation can be seen in 
the implementation of the decision to suggest ways in which some 
students role-play extra-terrestrials and contribute fun to the . 
class along with an alien perspective to the various topics. Any 

, teachers preferring other teaching methods ^'than the one provided 
may adapt either particular lessons or all of the lessons, and will 
find that the materials are organized so this can be done rather 
easily'. 

V , 

' If % 

Extra-terrestrials (Solardrojfds) ' 

Suggested ways extra-terrestrials may be used in the lessons are as * 
report givers, which puts students 'into a position of talking to 
each other abbut energy; role-playing; small $roup reports; in- 
quirers; leaders; etc. ^Assigning the extra-terrestrial roles to 
different students in the various lessons would allow for more stu- 
dent involvement." The suggested extra-terrestrial scrtpfcs can be 
read verbatim, but the students are invited to improve upon them , 
and use their own words. 



Metric 

In dealing' with the many iarge numbers involved in these lessons, 
regular use is made of the first six prefixes from the modem metric 
system known as SI (Le Systeme Internationale d* Unites or the Inter- 
national System of Units). '. • • »" ■ 

■ ■ \ . ■. ' ■ * • « . "\ 
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Factor 



Factor Prefix Symbol 



Pre Six Symbol 



10 
10 
10 

io; 

10; 

.10J 
10 



18 

15 
12 



4xa 
peta 
tera 
giga . 
mega . 
kilo 
hecto 
deka 



E 
P 
T 

G » 

M 

k 

h ' 
da 



10 
10 
10 
10 
10 
10 
10 
10 



-1 

2 
-3 
-6 
-9 
-12 
-15 
-18 



dec! 
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centi 
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mill! 


"m 


micro 




njtno 


n 


pico 


P 


femto- 


f 


atto 


a 
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Since the signing into law of the United States Metric Conversion 
Act (Public Law #94-186) on December 23, 1975, science teachers 
have an obligation to help their students lgarn rfvuse the modem 
metric system. This includes u6ing the recommenced tJfefie units of 
measurement which for energy is the joule, symbolized as^-J, Al- 
though the preceding taple associates each nrefii with a power of 
1 ' ten factor, there is BJerit in students occasionally seeing the 
^ * equivalents written opt as on the right in the- following example: 
* ' 2 x 10 J r 2, 000, 000, 000, 000, 000, OOg J 

Among the many materials the National Bureau 
teachers is "Working with the Modernized Metric 
* ^scale wall chart, NBS Special Publication 

i * 

Teacher Materials 



Standards has "for 
System, 11 a full 



The portion pf the energy Curriculum mater] 
teacher includes: ^* ^ *■ 



l£ directed to the 



An Overview 
each lesson 



lich briefly^describes the major thrust of 



Objectives which state in behavioral terms what perfor- 
mance^should be expected of students; « 

A list of Materials needed to conduct each lesson; and 

s Background Information for teachers which is found at the 
beginning of each lesson, "on the teachers edition of* each 
flowchart f and in reference material. 
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Student Materials v . f 

* j 

It is easy to reproduce the material appropriate for distribution 
to each individual student on a Xerox, Thermofax machine, or by 
making a duplicating master* In addition, some of the material may 
be reproduced as transparencies fot use on an overhead projector. 
Use of the -overhead projector makes. possible blocking out some of 
the material on a flowchart with a piece of paper or cardboard so 
that attention can be focused on a particular portion of the flow- 
chart ^ After one portion is presented another portion can be re- 
vealed and theprocess repeated until all portions have beep&re- 
seated and. the entire flowchart can be s^een as a whole. 
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Unit I, Le*sbn 1: Energy Flow through the U.S. Food Supply^ System 



Overview This ffcrst lesson involves energy inputs, losses, and output in " 
the U.S. food supply system. As energy flows through the 'system, 
food is, grown, processed, distributed, prepared and eaten. The 
First Law of Thermodynamics is explained. 

Role-playing The class is introduced to the Solardroids.' Aey ask questions, 

and in general introduce a different perspective into the classroom. 
Solardroids convert energy internally at 1002 efficiency. They do not 
, understand step-by-step conversion of -energy from one form to another. 

The Solardroids are amazed at Earthlings' prdcesses of energy conversion 
As intelligent beings, the Solardroids are able to translate into 
English their communication patterns which are not understandable to 
Earthlings. Through the theme of extraterrestrials landing on Earth, 
the use of role-playing is carried out in the twelve lessons. These 
Solardroids Should be active learners throughout-asking questions 
Vhen the£ don t understand; leading group discussions and experiments; 
, giving presentation^ of topics "they know about", e.g., fission and 
fusion. The purpose of the role-playing "game" is to provide" the 
Solardrfflds with the information they need in order to g& back to 
* their own" galaxy, 

iSIm 1 " 1 A ^ ou ^ ic ' is »»«« Phat. sunlight (solar energy) is a major source' 
Information of food s energy (solar energy i s changed Into the chemical energy of 
food through photosynthesis) , it is also true that, a surprisingly 
. , large amount of fossil fuel energy (oil , natural gas and coal) is 

used in the U.S. "to get food 'to the t^bla. Tracing the energy 
• tlow in the food supply system requires keeping track of the energy 
that goes into each step and also the energy that is wasted either, 
because it is n*t converted into food energy or because the food itself 
is thrown away. • 



Through the Law of Conservation of energy which states that energy is 
>W N neither created nor destroyed, all energy input must be accounted for 

* at each step. 



Energy exists in many different forms: radiati&n (which includes * 
light), moti6n (cars, trucks, pipeline*-, motors, etc.X, or as heat 
energy. It is also available -as stored energy (potential energy) in 
food or the fossil fuels, for instance. Energy is converted for use. 
Conversions occur at each step in the system. Sunlight is converted 
to chemical energy by plants; gasoline is converted to heat energy and 
mechanical energy by tractors. This study of the flow of energy through 
the^ food system (and- the systems which follow) will identify these * 
various conversions and the efficiency with which they take place. 

The energy problems which will come t* light in this and the following 
• le8SOns are Q °t that the world is "running out of energy" or even 
using it up, but that there is difficulty converting enough of the * 
availaBle energy into the necessary forms. "Energy losses", therefore 
refer to energy that is converted ox otherwise escapes info a form 
, that is no longer useful. 
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Objectives 



The student should be able to: 

1. fcxplain the phrase ,f v£ eat fossil fuels". 

2. List the major types of energy inputs, conversions and losses 
„ " in the fobd supply system, 

3. Give an operational definition of efficiency. 

4. Use a flowchart. 



Materials 



1. Cracker (or ot^ier food) 

2. Flowchart Worksheet (Activity 1, Teacher and JJtudent Edition) 

3. (Optional) "Toast", 'film available from ^Bullfrog Films, Inc.,* 

Oley, Pennsylvania 19547; color, 11 minutes. 
U.S. Food Supply System Energy Flowchart (Figure 1, Teacher 
and Student Edition) 

5. Stopwatch 

6. Dictionary 

7. (Optional) Calculators (2-10) 

8. Covered wire 

9. C batteries 
10. Flashlight bulbs . 



Teaching Suggestions 

Before beginning this lesson students 
could complete the Energy Attitude Sur- 
rey, Figure 14, page 82, Uni$ III, 
Lesson 2. This would provide a mea- 
sure of a potential change in j 
students' attitudes. ^ 4 

1. Begin with the int\:oduction of the 
So^ardroids. A S # tffardi\oid introduces the 
outer space visitors, \ * 

Solardroid costumes: \ 
A large star made from aluminum foil to 
be worn on chest; headgear such as an- 
tennae; belts wfth lights 'that blink made 
from wire, C batteries and flashlight bulbs 



Commentary 



1. Solardroid: Your assignment is to intro- 
duce yourself and the other ^extraterrestrials 
to the "Earthling" students.* 

"We. . .are. . .from. . .another. . -world. Our. . . 
starship. . .became. . .lost,- . .in. . .space. We. . . 
have. . . landed. . .here. *Do. . .you. . .call. . • 
this. . .place. . .EARTH? * # , 

#■ * 

,f Who. . ^are. . .we? We. . .are. . , Solaifdroids. 
You. . .are. . . Ear t brings? Our. . .planet. . .uses' 
. . . the. . .direct . . .conversion. . .of. . . starlight 
... to, . .make. ♦ .the. . . foriu. . .of . . .energy. . . * 
we. . .need. V v 1 



Earthlings: "STARLIGHT ENERGY? What's that? 

Solardroid: f, We. . .do.-, .ngt, . .know. It... < 
has . . . been • • . used • * . sa. J s B Ppft ■ • • so • * • ioa&y 
. . . countless. . .years. lR^|.-don f t . . . study 
- . . Starlight. . . in. ♦ .school!?, .any. . .more. 11 



s 

Optional: H^ve students, mak6 4x8 
wall mural of the wrecked space ship. 



Earthling^l "How will you get back to your 
planet? You don f t know how your energy 
source works I What will you do here?-" ' 

£olardroid: We. . .must. . -learn, . .about. 

Earth. . . energy. To. . -adjust. , .to. . . life. . . 
- here. Or. . . to. . . learn. . .enough. . . to. . .help 

. . .us. . -get. /.back. . .home. Our. . .first. 

question.-. . is. . .how. . .do/, .you. . . get. . . the 

. . .energy. . .for. . .your. . .bodies?" 

Earthlings: (Either describes eating orgeats 
something. > * • 

Solardroid: "Does . ..that! . .thing. , . that. . / 
you. * .put. . .in. . .your. . •mouth. . .give. . .you 
.energy? What., .happens. . .to.-. . it. . . in- 
side. . .your. . .bodies? Where. . .did. . . its. . . 
-energy. . .come. . .from?" 

Earthlings: (Explain eating.) 



2. The end results of eating food are 
the production of heat, muscular,. work, 
body maintenance, and waste materials.' 
10Z of the food put on tables in the 
U.S. is not eaten ,by people. fWhy? 



The short f i 
priately sho 



liter, 



'oast' 1 could be appro- 

this time. • 9 

r 



Introduce studfehts to 
flowchart worksheet. 



flowcharts. Use 



3. Ask students what kinds of food they 
6at. Have them name some favorites, 
Call on Earthling (a student). S/he says 
that s/he eats fossil fuels. You scowl 
and ask him/her if s/he kndws«what fos- 
sil fuels are. S/he replies. Give him/ 
her another funny look and ask the class " 
for a show of hands of anyone else who 
eats natural gas, oil, and c§al. r (Later , 
the fact tha£ much of the energy in the 
food we eat comtffc from fossil fuels will 
be presented.) ^ 

4.S$Jpe the Students a- copy of the U.S. 
Food Supply System Energy Flowchart, 
Figure 1. 



/ 



2. Due to spoilage, surplus, dislike, or 
feeding to pets. 



For students who have not previously worked 
with flowcharts, provide a step by step 
explanation. 

*3'. Earthling: You? assignment is to have a 
ddscussioft with your teacher during class. 
Your teacher will talk with the class about 
the .things they eat anH will guestioii you. 
You should reply, "Mostly what I eat is fos- 
sil fu^l." The teacher asks you, "What are 
fossil fuels?" Reply, "Natural gas, oil, and 
coal are the- common fossil fuelsp" Try to 
keep a straight £ace and offeree explanation. 
(What you are bein&'asked to.jsay is true in 
terms of the energy invested to produce the 
food.) 



I/l 



Explain that MJ fc , the abbreviation for 
"megajoule M , is a unit of measurement for 
energy. The joule, is the recommended 
metric- unit for energy and the prefix 
meg^ means one million. It is helpful* in 
developing an understanding of the size ' 
of a joule to tell the class tha£ 200 
joules of energy are required each second 
for a person walking, and th^at 100 joules, 
of energy, are. required each second^ for 
keeping a IP CT watt Ught bulb lit/ 



Have a small group of students time each 
other walking for 5 seconds. This uses 1000 
joules. Have them walk around the roq^j^ time 
the walk, and figure the energy used in 
joules. * 

Example; 20 sec walk x 100 joules/sec * 

4000 joules 



The joule is not a big unit of energy. 
■^There are\^>86 joules in one food calorie 
„ (kilogram calorie 1 ). Thus ,^the -200 
calories in a candy bar would gii4 you 
enough energy to walk for 70 minutes, 

5. Where does food originate? Use -this 
either as a review or as a short Intro- 
duction to the information* -\ 
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>£ood originates as green plants, grown 
on farms, "Msing solar ei^gy in the 



process of photosynthesis. 



carbon dioxide + water + sunlight 
plant material + oxygen 



Ask students what happens to food from 
the time it leaves the farm until it ar- 
rives at a home or restaurant. Where in 
this flow is energy used? 

, - 4 

Ask what hapgens to^food at home or in 
restaurants which rejquires\ energy. 



Animals eat plant material 

Animal food products 

Teacher edition of Figure 1 shows 'feoroe of 
the .appropriate Responses. 



Cooking 
etc* 



^ ref^igei 



ration, keeping food warm, 



6,! Go over Figure 1. Ask students what 
the £otal amount of energy put into the- 
system is, exclusive of the solar energy, 
and h^w this compares with the final 14 MJ 
of energy in food on the tabl^. 

i 

Ask students to compare this 139 MJ value 
with the 33 MJ of energy in plant food 
"at the farm g£te'\ * 



7 . Ask what is meant when someone or 
something is described as being efficient. 
.Look up the definition in the dictionary. 



6. 34 + 54 + 51 « 139 MJ or^rout ten times 
(14 MJ) as much energy comfes rrom fossil 
fuels according to the numbers on the chart. 



This c caparison is the basis for asserting 
that we in the U.S1 are eating fpssil fuel. 



67^ 34 



33 



139 f 33 «- 4.2 



* , * J 

About 4 times more twssiX fuel used 'to^ro- 

duce farm good^ as^stflar energy input. , *| 



Produces with small aoount of waste. The 
general 'idea is to g£fc more and more output 
for' the saae input. fJ ** 



• 12 



am 

/ 



0 



•I A 
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Activity : Divide class- inJbo 'small groups " 
of 5 studeiljts; give thei 3 minutes to or- 
ganize themselves into a line in order of . 
theix! height, and thep each touch his7her f 
toes ten times. Students mus£ do this one 
at a timely Discuss efficiency relative to 
all groups havirtg same input (number of - 
student^); how Efficient were • they in at-' 
taining output; did they get finished; how 
much Qxtr§« energy was "lost" of expended 
in trying to get finished; which group was^ 
'the most efficient in .doing the task? 



8, Optional: Suggest a general ratio 
with the output in the niimerator, output 

, - Input 

When output • Input there is 100% ef- 
ficiency. < 



Solardroid: "Won* t. . .you. . ,have. *. . to. , , 
•charge. # .up. . .now... *that. . .you've. . .spent.'. . 
that. . .energy?" S 



Sblardrpids are 100%. energy efficient. 



Explain that in an§£ situation where 
% energy^ is being converted from one form 
(irjput energy) to' another {output energy), 
the* ratio, output energy , is^defined as 

input energy 
the efficiency of the conversion. 

9 # From th£ Food Supply sWtem Energ^v 
Flowchart have students tdwT the four \ 
values Representing the' inputs ipto the 
"systeji and add* them. Similarly add the 
two losses -and the end use value of food 
on the table* Why are these two sums 

the same? 

, . * 

This is an illustration -of the Law of 
Conservation of Energy. 



10. Optional; If 66,880 MJ of -solar, en- 
ergy falls on a fields and 66,211 MJ Is not 
converted into plant, material, b69 MJ - 
(i.e., 66,880 MJ - 66,211 MJ) has been : 
converted. This means the efficiency of^ 
thii energy conversion is » output * 

* input » 

669' VU - 0.01 or ;%. . 
66,880 MJ ' "V 



No energy conversion can foave an effi- 
ciency greater* than 100%, because it "is t 
impossible to create energy. '{ 



9. INPUTS 

i," «66,880 
34 
54 

51. 

67,019 



WASTE AND OUTPUT 
% 

66,347 

m 

■ ' 14 

67,019 



"The energy going into this food supply 'system 
equals the' energy coming out; thus, energy is 
neither created nor destroyed. 

Potentfal^Use of Calculators t : If not all 
students, 2 or ' 3 £$>uld work with one cal- 
culator. • 
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11. Optional: Of the 669 MJ af plane ma- 
terial from #10, only i0% or 67 MJ is har* 
vested. This means that 602 MJ (i.e., 
669 MJ - 67 MJ) is Aosy-Tbec|^s6. it iq* not 
harvested. An additional 34 MJ of energy 
is lost as waste heat from the operation 
of farm machinery. What is the energy 
loss in Ste^ 1, Figure 1? 

Why are the Solardroids laughing in 
Figure 12 • - m ;\ 

Ask students to describe specifically 
whe*re additional energy is lost &s the 
food goes on to : end up on the talle 
ready £or eating. 

Have students make suggestions about how 
not to waste so qfoch energy -in this sys- 
tem, " • . 



A total of 66,847 MJ (i.e., 66.211 MJ + 602 MJ 
+ 34MJ) are lost In Step, 1, Figure 1. 

Their efficiency is 100% in converting, solar , 
(star) .energy to ne£0ed uses., ^ 

Suggested answers are found in the right-hand 
column of thfe Food Supply System Energy Flow- 
chart in the breakdowns of the 54 MJ ahd 51 MJ 
inputs . 

Suggested responses: Uses for plant refuse 

Cut down on food waste 

Cut down on food packaging ' • 



/ 



^Activity 1— Teacher Edition 
• Flowchart, Worksheet > 



j 



r r Show the "pathway" of the enejrgy from your food from eating it to 
the use you make of it. 'Do this as a flow chart. 

• Use the following symbols in your Food Flow Chart. 

* Heat Energy 




H 



Food 



■ Musdle (Motion>) 
Energy 




ijJgjlte (e.g., food 
discarded, solid/li- 
quid body waste) 



* Chemical ... 

Energy 
(houses energy 
conversion) 



Path 



m Energy from Conversion 
[e,g,, chemical (food) en- 
ergy into energy of motion 
(walking) ) 



Draw your flow cjiart hefa. Use symbols as* many times as necessary, 
(A flowchart is a form of mapping. It maps an event. In this case, 
energy flowing through the - human Body is the event being mapped*) 




1 


— 


w .;* 



Teacher Note; 




1. 
2. 
3. 
4. 
5. 
6. 
7. 



Food input 
Food not" eaten ■ waste 
Conversion of food energy for body use 
Conversion of energy e© energy of motion 
Conversion of energy to heat energy 4 ' 
Energy; not used by body ■ waste 
Conversion of energy of motion into heat energy 
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Activity I—Student, Edition 
Flowchart Worksheet 



1 * 



Show the "pathway" of the energy from'your food from eating it to 
the use you make pf it. Do this as a flow chart.* 

Use the following symbols in your Food Flow Chart ♦ 



COLA 



Food 



H 




M 



Heat Energy 



Muscle (Motion) 
Energy 
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- tfaste 



Path 



Chemical 
Energy 



>■ Ene 
9 



Energy from 
nversion 



Draw your flow chart here. Use symbols as many times as necessary. 
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Figure # 1--Teacher Edition » 
U.S., Food Supply System Energy Floy 



L 



66,880 MJ solar energy 
Falling on 
food-producing field 



66 t 211 MJ solar energy 
hot collected by plants 

602 MJ plant refuse material 
aot^ harvested as food 

34 Mj r waste heat 



66,847 MJ 
losses 



Mostly waste heat, but 
s^me energy is represented 
infood and other material 
thrown away in connection 
with processing, prepara- 
tion, cooking and packaging 



34 MJ 
input 



67 MJ in plant fQoB 
"at the farm gate'* 



158 MJ 
losses 



54 MJ 
input 



51 MJ 
input 



14 MJ food on the, 
table; daily; 
per person 



Oil, gag, and coal used 
on farm for electricity , 
fuel for machinery, manu- 
facture of machinery*, 
fertilizer, irrigation 



Oil, gas, and coal used 
to run food processing 
machinery, transportation, 
packaging, and manufacture 
of machinery 



Oil, gas, and coal used 
in home a and restaurants 
for refrigeration, cooking, 
manufacture 'of - equipment , etc. 



MJ is the abbreviation for megajoule, a unit of measurement fo/ energy. The- joule 
is the basic recommended metric unit for energy and the prefix. nfega means one' million 
Thus, .14 MJ is the sane as 14-,000,000 joules. fI « \f 

■ • ' ' • .., . ■ "■'$;' -: * ' 



Unit 1 1 Lesson 2^ Ene rgy' Flow Through. the Entire -Earth Sy stem 



4« * 



This lesson .describes the five pathways taken by the solar energy which 
strikes the planet earth. The bending of light passing though certain 
transparent objects is addressed along with reflection and absorption 
The energy or heat or evaporation which is associated with the physical 
change of water from its liquid to gaseous state is given special 
attention. " . ' 

Visible light is but one kind of radiation" that is given off by ener- > 
getic objects like the sun (and like radio antenna and X-ray machines). 
It is possible to tell the difference between forms of radiation and dis- 
tinguish between characteristics like color by the "wavelength" of the 
radiation. (A wavelength is a measurement for radiation which is similar 
to the' distance between two crests of water waves,) 

Incoming solar radiation contains some "ultraviolet" light of short 
wavelength and some "infrared" radiation of longer' wavelength, but most 
ot it is in the -visible wavelength range. Visible light "ranges color 
as can be seen by separating light into its component wavelength^Wth ' 
a prism, from blue to red. Blue light has the shortest 'wavelength (afrd 
is near the ultraviolet >3 s might.be expected) , and red light has the 
longest. . * ■ 

*■'»'. * 

■*\ 

Solar radiation is the most important energy input to this planet. 
After it strikes the tap of the atmosphere, however, it interacts in 
many different ways with the matter of earth and powers many different 
processes. As it is "used" in the many ways of earth, its wavelength is 
shifted from the visible region to infrared and it is radiated away from 
earth into the deep realm of the 'universe. These flowpaths are shown 
in Figure 2 . 1 * . 

In this lesson we will examine this flow of solar energy to earth through 
some of its more important processes. In a more specific way students 
Will also examine the several things which can happen - to' light when it 
falls on an object. They discover what it 'means- to say that light is . 
reflected, transmitted and absorbed. ' 

Students should be able to: \ 

1. Describe five different pathways followed by ttfie enexsgV in 
sunlight falling on the planet earth. > 

2. Distinguish between the Deflection,, transmission/ and absorp- " 
tion light as it falls on an object. ■.„ 

3. Explain how energy* is involved with evaporation. 



1. A glaii prism . % 

2« Water or % rubbing alcohol < ■ ' y 

3, Greetf plant v Ml 

4, A. Difference Between White and Black Objects. 6Acti¥ltjr2) 
*5. 2 boxes' # . 

6. White and black paint \* - m < ' 

7. Thenaometer *. 

8. Bending Light and Changing It Into Heafy (Activity 3) 

9. Magnifying glass . % 
10. Dry* paper . * ■ 
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--11*. 

12. 

13, 
14. 
15. 
16. 
17. 
18. 



Direct sunlight (or a 150 w^tt sunlamp or 'photof lood lamp) 

Two Effedts from Adding Heat Eaergy to Water (Activity '4, Teacher 

and Student Edition)* 

Heat source 

Container of water . 
Watch ' . ■ • 

Water Evaporation Process (Activity 5, Teacher and Student Edition) 
Flashlight, globe > • ■ . , 

Solar Energy Flow Through the Planet Earth (Figure 2, Teacher 
and Student Edition)-** 



Teaching Suggestions 3 

1. Show the rainbow of colors resulting 
f rom the li$ht passing through a glass 
prism. This effect is caused by the prism 
cHanging^the direction of travel of each 
color of light by a different amount. 

2. Figure 2 shows how the several pro-* 
cesses are combined in a five pathway en- 
ergy flow through the entire' earth system. 
Discuss this flowchart,* Solar Energy Flow 
Through the Planet Earth. 1 Use as an over- 
head transparency and/or individual copies 

for each student- t , 

Have students point out on this energy 
flowchart what each energy pathway re- 
presents. 

What happens to sunlight aS it reaches 
the earth? 

What happens to the light, does all of 
it come through? ' " 



Commentary 



1. ■ Solardroid takes a prism and holds it 
by the window. 

t 



It 'hits the earth's atmosphere. 



No, some of it is reflected. (Reflection 
by a transparent, medium can be demonstrated 
with watqr. ) 



What happens when it reaches the ground? • It is absorbed. 

Accept students* questions about Figure 2, 

Have theta label each pathway. ' t> 



3. \$ -Demonstrate that light tends to be re^ 
fitted by objects that are white in color 
and^ absorbed by black eclated object*. ~ V&b 
role-playing with this demonstration. 

In the black/white activity,, don't forget 
to notice that the black material gets 
hot and that irradiates heat (infrared) 
away. If a piece of blackened metal is 
left in the sunlight the students can 
feel this radiation, • The analogy with 
radiation for thp earth is then complete. 



Have Solardroid do the demonstration. 



So . 



In Figure the top pathway is reflec- 
tion flrora the atmosphere of the* earth. 
The second pathway is absorption of 'sun- 
light before the energy is returned to 
space primarily in £he form of infrared 
radiation. N + 



Do the demonstration described in Activity 2, 



4. Photosynthesis is the bottom path- 
way iiviicated in Figure 2. Have Stu- 
dents explain to ' Solardroids how the 
last pathway relates to earth's ener- 
gy flow. 



r 



Have students write a Solardroid script 
which would include this information. 



5. A 'Solardroid has the assignment "pn" 
_£hfc transmi ssi on -q£ 14 gfit* through trans- 
parent objects.,, The concentration or 
focusing of light with a magnifying gl^ss 
and the concentration of solar energy on 
one^spot e&sphasizes that solar energy 
converts to heat energy, 



"Solardroids. 
N sunlight. We 



get. . . too. . .hot. . .in. . .your. . , 
.use* . .weaker. . .starlight. 
Ve. . .have. . .lo6ked. . .at . , .our. . .problem. We 
. . .came. . .up. ...with, /.an. . .answer. Afce . . .we 
. . .right? EartH. . .people. . .seem. . . to. . .be. . . 
cooler. . .when. . .wearing. . .white. Light. . .' 
' fiends. . . to,. .be. . .reflected, . .by . . .white. . . 
qMects. It, /.is. . .absorbed. ...by . . .black. . . 
objeots. H 

Earthling: fl Plapts and animals pass 6n ener- 
gy as heat associated with their life pro- 
cesses. When they die and decay, additional 
heat is passed on. In the pas£ some plants 
and animals became^^pssi/ized instead of de- 
caying. When these fossil fuels §re burned, 
the energy stored in them is converted into 
heat energy. 

f 

"What ^happens to Solardroids .when you die?" 

Solardroid i "Die? That .. .is. . .not. . .a. 
happening. . .on. . . planet . . ;X-> We. . .have. . . 

always... _, H (AlloW students to 

finish this explanation.) 

This afcsorptiott and reflection applies to 
colors like red, orange, green and violet. 
Consider this green plant. It uses sunlight 
to grow. What color wouid it appear in green 
light? ,\(Green; is qorrect.) What color 
would it appear in red light? (It would ap- 
pear black.) The gr^en plant will' appear 

iDlack in any color light other than green or 
white. This happens because a white light 
like sunshine is made up of all colors of 
light and when it strikes a plant only the 

-fereen light is reflected. Green plants ab- 
sorb and use some other colors like ted, 

■orange^; and violet light. An object/ appears 
black (if you^ can see it at all) because it 
absorbs all colors of light and reflects none. 

-5. Solardroid: "When. . .light. .strikes. . * * 
an. . .object. . .what. . .can. . . it. . . do? — 
(Reflect, absprb, and go through.) 

Point to the glass in th6 window (or if your 
classroom does not >have vindows^, bring in a 
pteae of clear glass, perhaps a bottle). ' 

To demonstrate the burning or scorching of , 
paper using the magnifying glass * us& Activi- 
ty 3. j. 



,6. A large amount of sunlight ' falls on 
~ocean^ and lakes. This solar energy 
.causes the water "to change from its li- 
quid fojm into, its gas form (water vapor 
or stean^) • . 

Continue with the magnifying glass and 
cause a small drop of water to boil and 
disappear. What happened to the water? 
What common word is used to refer to H * 
tKis change? 

Represent the process of evaporation on 
the blackboard in the following way; 

liquid + energy ■ gas 



Place some water or alcohol on the skin of 
several students and allow it to evaporate. 
Ask students, how does it feel? When does 
this occur paturally? Explain. 

v • - 

* 7. Optional: Activity 4 should be started 
and the data collection begun. Wait until 
near the end of the period before discus^ * 
sing the. results. 

8. Continue discussing with the class 
water vapor which is produce4 by -evapo- 
ration. Have students draw a flowchart 
of the water evaporation process (see pp,^ 
25-26). The water vapor rises up in 
the air and eventually Condenses, forming 
clouds and falling back to the surface 
of the earth as r^in or some other form 
of precipitation. If \t falls on 
ground above sea leyel some of it will 
form into streams and rivers. This 
water has sope ^energy stored in it be- ' 
cause of its location or position. How 
could energy b6 gotten from position of 
water? Where does this energy originate? 

9^ A Solardroid presents the energy of 
wind* . Ocean currents and waves come also 
otiginally from soJLar energy. They are 
a different cup of tea. They depend on 
uneven heating, it£ the fapt that the 
equator is hot and the poles ^old. m 
(Shine a flashlight on a globe and show , 
that leas energy per unit area will fall* 
on the poles.) What effect will the 
,white snow atTd ice have? (This discus- 
sion relates* to the next to the last path- 
way on Figure 2.) - > 



It evaporated, 
Evaporation. 



Typical responses: It fefcls cool. Cooling 
of one's body when one sweats or perspires. 
Heat, energy flows from the body into *the 
liquid as evaporation occurs. . , 



Students may draw a flowchart or label the 
Flowchart* Worksheet. 



j 

i 



Daiqs are built to use the water to help put^ 
its energy to use. In hydroelectric plants 
the energy is converted into electrical energy 
Hydro energy can be seen^as coming originally 
from solar energy, * * 

9. Solirdroid: "We. . .have. . .nothing, ..like' 
. * .this. . .form. . .of, . .energy." The. • .sun. . . 
heats. . .the. • .earth 1 s. . • atmosphere • . . uneven J?*. 
This^**^ results. . .in. • .differences . . .in. . . the 
. . .pressure. . .and. . .density. . .of . ^^the. . . 
air. It . . . is . . .Jfind. . . Energy . u 



Cools the air at the poles causing sir 
movements. 
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The wind has been used on earth f<?r such 
things as propelling sailboats and" turn- 
ing windmills. The same sorts of conver- 
sions of solar energy that cause the mo- 
tions of, air known as winds, also cause 
the motions of water in oceans known as 
waves and currents. . * 



\ 



Have^ the students brainstofrm a list^pf 
things that they have done which used 
wind or water current energy. 

Discuss the ^results of Activity \. 

10. Suzzaaary? Incoming radiation is 
a) reflected directly; J>) absorbed and 
radiated; c) absorbed By water and 
causes evaporation; d) absorbed by the 
earth and causes wind and ocean currents; 
and e) used in photosynthesis. 



Being blown on iceskates; flying kites % wind- 
mills; body surfing; etc. 
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Activity 2 • 
A Difference Between White' and Black Objects 



\ 



Materials 



2 boxes / 

White and black paint or paper ■ 

Brushes ' 

Thermometer * ■ 

1. Paint two identical shoe boxes, one black and the 
other whit;e . 

2. Make a small slit in the enqj of each box. 

3. , Place both boxes in the sunlight for about 30 minutes, 

A. Without opening the boxes, insert the thermometer and 
record -the temperature .in the boxes. 

\ 

5. Is there any difference in the two temperatures? 
Explain. 



/ 



p 
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"Activity 3 
Bending Light and Ganging It Into -Heat 



s Magnifying glass , wide diameter ■ v - _ 
Dry paper • 

, Direct sunlight (or a 150 watt sunlamp or* photof l^ood lamp) 

■ "* ■ 

1. Find the distance, of fo'cus for* the magnifying $Lass. 

Do this by pointing the surface of the magnifying, glass 
directly at the sun. 

2. -Hold the magnifying glass at a particular angle and 

slowly move it closer. to and farther away from a flat '/ 
piece of paper'. ' m / 

3. Watch for the appearance of a small bright spot* on the 
paper. When this. bright spot appears, note the dis- 
tance that the magnifying glass is from the paper. This 
is the distance of focus (focal distance) and is how far 
you should hold the magnifying glass away from the paper 
you are trying to scorgfh or burn for the demonstration. 



Safety Precaution : Have a bucket of water available. 




\ 
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Activity .4— Teacher Edition 
Two Effects from Ad ding Heat Energy to Water 



Mate rial * 



Heat source * - 
Contain^ of water ,* 
Thermometer 

Watch - , 

1* An arrangement for boiling water is needad. Start vith no 
more than 200 ml {about a cup) of water. Heat energy is 
shown flowing into* the water continupusly. 

2. Take^the temperature of "the water #t one minute intervals. 

This shows that the water temperature increases to 10Q°C 
X212°F) and then stops rising, 

3. What happens to the heat energy flowing into the water" once 

it , ; stops increasing the temperature of the water? This heat 
energy is required to change liquid Water at'lQQ°C itito 
gaseous water at 100 °C. * 

4. Note the absence of any temperature A changfe # ,, 

5. ^Collect the data in ^tabul^ .form. 



n 



*■ 

* « 6. Make a graph like 
* 




. * 






Time^fn 


Temperature 


* Minutes 


in degrees C.« 


. 0 


80 


1 


' 87 


• ' 2 


93 


. Sample Table % * 3 

v "4 


98 ' 


100 f 


. 5 ; 


100 


6 


100 


JL. . ... 7 


100 


• 8 


100 


'-' 9 


100 


10 

, 1«>, 


100 


« « 




.22 


i 







Sample Graph 
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Activity 4— Student" Edition 
Two Effects from Adding Heat Energy to Water * \ 

Materials- ✓Heat sounce • 
' ' Container of water 

Thenpou\eter 

\ Wat <* ; & 

.'<» ' * i- An arrangement for boiling water is ne*eded. Start with 

. v so more than 200 "ml (about a cup) o fs water. • 

» Heat energy is shown flowing into the wjtdr" continuously. 

, • ?• Tal ^ e ^ e temperature of the water at one minute intervals 

This shows that the water temperature increases to 10 6° C 
(212° F) and "then stops 'rising. 

3. What happens to the heat /energy flowing into' the water 

once it stops increasing the temperature of the water? '. ' 



4. Note the absence of any temperature change. 

5. Collect the data in tabular form,. " ^\ 

6 . Make a graph on the next page . v ' 




Time in Minutes 

1 o . : 
i 

2 
3 

> 5 ' 
,6 
7 

■ f 8 
9. 
10 



Temperature- 
in Degrees C 



u 

.3 



0J 
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Activity 5— Student Edition 
Water Evaporation Process 




Put each label oh the appropriate step, in the flowchart 



, CLOUDS 
SUN (Solar Energy) 
RAINS 



DRIVER 
CONDENSING 
' ENERGY 
WA^ER • • . . 



* 
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figure 2— Teacher Edition 
Solar Energy Flow Through the Planet Earth 



Energy arriving 
from the sun 
'in the form 
of sunlight 



Energy leaving the earth 
and going off. into space 



v. 



\^ Reflected Sunlight 



\ 



' Direct Conversion 
t£ Thermal Energy (Heat) 



k. 



Evaporation of Water 



Winds and Ocen Currents 



Jr 



Photosynthesis . Blante 





y. 



Animals 



v 



Fossil Fuels 
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Unit i; Lesson 3: Energy Flow Through the U.S. Economy 



Overview 



Background 
Information 



This lesson examines the flows of energy from the primary sources 
through the- various conversions to the end uses typical of the U.S. 
industrial economy. This examination of energy flow emphasizes the 
conversions that take place, the form (mostly heat and mechanical work) 
in which energy is used, and the losses or waste that inevitably occur. 

The flow pattern in this, lesson has to be interpreted in terms of 
the Law of Conservation of Energy. (the First Law of Thermodynamics). 
At several places the energy used and energy lost can be added up to 
show that the total is the same. This reinforces ^the students' under- 1 
standing that "wasted energy" does not disappear, 'it is just no longer 
useful to us* ^ * . 



The last part of trie lesson deal^ specifically with the flowchart 1 for 
• that part of th^ energy flow that goes into the production of electri- 
city since the importance of this intermediate form of energy is 
growing so rapidly. 

* 

<Fhe main background information is contained in the two flowcharts, 
Figures 3 and 4. The first of these shows th6 total flow for -the U.S. 
economy, the second selects those' flows "that lead into and out of 
* m electfical .generation. The numbers on these diagrams we?e taken from 
% 1976 figures. They will change each year, but the relative values 

change very slowly. 
( r , ■ ' ■ * 

'Objectives Students should be able to: ? 

!• Distinguish between sources of primary energy and end uses * 
of energy. 

2. Explain the* conservation of energy within the energy flow 
f system. * 

3. Explain that waste in the energy system does not disappear 
(is not lost) but is not useful. 

Materials 1. Energy Flow Through the U.S. Economy (Figure 3, Teacher and 'student 

Edition) 

2. Recording Sheet for Figure 3 (Teacher and Student Edition) * 

3. Conservation of Energy Balance Sheet (Activity 6, Teacher and 
,* Student Edition) 

. 4. Electricity as an Intermediate Energy Form (Figure 4, Teacher and 

Student Edition) ■ . . ' ; . 



Teaching Suggestions 



Commentary 



1. -Have the Soiardroids discuss the 
gf eat diversity of energy sources and 
uses Qn earth. .Looking around the class- 
room, identify direct and ^indirect energy 
usw, e.g. lights (direct' use) , and 
clothing (indirect use) . 



!• Solardroid: "Say... you. ..guys,. ♦ if.. . 
you. .'.don't, . *tfse, , .star. • , power* . , ,what, . . 
do. . .you, •..use?" 

Earthltng: "Energy." ? 

SolardroiS: "Show. . .us. * #wh*t. . .is.. .this. . 
energy,., 11 ■.' * ' ■ 



'Earthlings: Move around the class area 

pointing out uses of energy, e.g., lights, 

heating system, clock, bells, loud speaker, 
etc. 



Divide the students into teams. Have 
teams line up in front of the board. 
Each team has a piece of -chalk. On the 
bnaxd each team member will write a use 
of energy not already listed by their 
team mates. The team with the most uses 
(all different) within 5 minutes wins. 
» « 

Show, and discuss with the class .Figure 3 
and tell them' that a flowchart such as 
this is sometimes referred to as a 
spaghetti chart. Use as a transparency 
or have students' cut the chart into 
fourths . 

The drawings represent the energy sources 
in the United States.- What do you think 
each one represents? List possible re- 
sponses on the chalk board. Students may 
label the sources in Figure- 3* 



I 

The energy from the source? is, at this 
point, used in two ways: 

1. < to make electricity. 

2, fuel used as an end use (examples, 
\o±l for heat, gasoline for cars). 

The two kinds of energy, electricity and 
fuel, are used by people for three major 
purposes: - 

1. Household and commercial (exam- 
pies: in homes, apartments, 
stores, businesses) 

2. Transportation (examples: cars, 
trucks, buses, planes, trains) 

3- Industrial (example: manufac- 
turing of the thousands of pro- 
ducts we use) 



Thar* is alto an energy loss from the 
'making of electricity. Whan tha energy 
is usad for the three purposes, soma of 
it do** usaf ul work and provides useful 
heat. However, most of it escapes in 
heat form which' is not useful to us. 



Draw a line between the two letter A*s. 

Cut on that line. Fold the remainder of the 



* page up. 
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& 


L 


Responses : 







Uranium 



4> 

C7 coai 



Natural jEas 



Hydro 
^ Oil 



Draw a line between the two letter B's. Cut 
on that line. Fold page $o only the second 
part of the chart can be seen. 




Draw a line between the two letter C's/ Cut 
on th&t line,* Fold the page so only the third 
part of the chart 'can be seen. 




Fold the page so only the last part of the 
chart can be seen/ 
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2. Return to the first part of Figure 3, 
energy sources. These are the inputs to 
the energy flow through the U.S. economy. 
Name the fossil* fuel inputs ^ What fuels 
were imported" to the U.S.? Were there 
any fuels exported from the U.S.? What? 
, Use Recording Sheet f or " Figure ' 3. 



Of this grind total of fuel input, what 
is the, percent in fossil fuels? 
What does this high percentage mean? 

3. What happens to .the fossil ^ fuels? 
Have students trace a fossil fuel from 
input through the energy flow system to 
the output, kefer to Figure 3~Teacher 
Edition. 



4. „ UsevFigure 4, Electricity as an Inter- 
mediate Energy Form. What are the forms 
of primary energy that go into the pro- 
duction of electricity? 

What are non^fossiT fuel sources of ener- 
gy? , ■> 

Both of these primary sources were used 
almost exclusively for generating elec-* 
tricity, which ;is an intermediate (non- 
primary) form of energy. 

Look at the first part of the electrical 
plant portion of Figure^ . Give the 
'Values for Figure 4 and have students cal- 
culate the total amount of primary energy 
which went into the generation of electri- 
city. 



Gas, coal, oil. 
Some gas, oil. 
Yes, coal. 

Students mdy record and total the above in- 
formation In part A <m the Recording Sheet. 



Part B, Recording Sheet 

That we are dependent on fossil fuels. 

3. a) Choose a fossil fuel ( example, oil? . 

b) Choose s an appropriate color to repre- 
sent that file! (example, black). 

c) Begin at the '^rawing of the oil drop. 

*- Color in all the pathways in the spa- 
ghetti chart that the oil goes through 
until it ia either waste or useful 
output, s * 



Oil, natural gas, coal, hydro, nuclear. 



Hydro and nuclear. 



Part C, Recording Sheet 

Oil, 4 + Natural Gas, 3 4- Coal, 10 + 
Hydro, 1 + Nuclear, 2 « 20 £J 



What percent of the total are fossil 
fuels? 

Which of the fossil fuels provide most 
of our electricity? 

Optional: What percent of the total en- 
ergy input was used to generate >iec tri- 
city? 4 ^ 

5. Large amounts ^of energy are wasted in 
the generation of electricity. < 



832. 



Coal. 



Total Energy for Electricity - 20 - 28% 
Total Energy 74 „ 



5. Solardtoid: "That's. . .terrible I You./, 
are. . .wasting. . .a. . .lot* . .of. . .the, •» energy. 



Have students calculate total EJ going 
into producing eleotricity. Calculate EJ 
of use and waste* 



Have students paste pictures frpm bottom 
of Figure 4 in the correct end usfe posi- 
tion. Students may dray an end use of 
their own in the empty square. 

Convert ihg from this intermediate energy 
form into what is wanted at the end is 
relatively simple, neat, and efficient. 



6. Have students write a report letter 
' (message) to' planet' X. In this message 
♦they will attempt to r describe how Earth- 
m lings use energy. 



We. . .don 1 1. . .waste . . . any ... energy. Why. . -do 
. . .you. . . guys. . .want. • • to. . .make. . .elec- 
tricity. . .anyway? 11 

i 

Part D, Recording Sheet 
17-+ 2 + 1 - 20 EJ 

65% x 20 - 13 EJ waste - * 

35% x 20 - 7 EJ use 



Solardroid: "Ok. • .so. . .electricity. . .is. • . 
very. . .convenient. , . " 

Earthling: "Yeah, to use electridlty is as 
easy* as flicking a switch. For some things <• 
such as radios and TV's, there is no sub- 
stitute available for electricity." 

Solardroid: "Oh. . .but. - .a. . . disa dvantage. . . 
to. . .electricity. . .is. . .that. . .it. , .must. * 
be. . . used. . . immediately. • .once. « . it. . . is. - . 
produced. 11 

Earthling: "Yeah, that's true." 
CODE: YGRENE 

TO: Planet X , ■ 

FROM: Solardroids and friend Earthlings • 

SUBJECT: SESU . 



SS4GE: 

In Earthling houses energy, is used to 



In Earthling factories energy is used to. 



To mbve about on Earth, energy is used. 



As students read, their messages aloud to 
the class, have Solardroids list all tire 
different energy uses on the chalkboard* 

There are scm£ special electrical used 
such as lighting, communication and some 
industrial processes. 



Solardroid: "Most. . .of* . .these. • .uses. . .are 
. • . either ... in. * .heat . • • or. - .mechanical. . . — 
fora." ••..•».■ . . ■ . 
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7. "Use Figure -3 and the Balance Sheet, 
"Conservation of Energy 11 . Look at the 
right-hand column of the Figure 3. Notice 
that the top pathway here just represents 
the waste energy from the generation of 
electricity. Give the students the fig- 
ures for each pathway leading to waste. 
Have them total the energy waste. 

Now have them figure the energy use., 

is 

Look at the whole flowchart again and 
point out that in addition to the energy 
wasted* in generating electricity, there 
is also energy wasted (shown in detail in 
the next lessons) when fossil fuels are 
used directly. 

Tell the students that 'they should be 
able to get this same answer for the pro- 
duction at the left end -of the chart. 
Actual conversions of energy frtaftone 
form to another kre involved he^, but 
if the Law of ' Conservation of Energy is 
valid, then this answer should be the 
same as the others, 



Ask them to calculate the percent of en- i 
ergy in the useful heat and work category 
and in energy wastjed. This means- 66% or 
2/3 of the energy (flowing through the U.S. 
economy is wasted, 



0 

Wha£ ways might we try to usewgste 
energy? \ V 



Loss in electricity, 14 + ,Loss. in house, 6 + 
Loss in transportation, L7 +ioss in in- 
dustry, 12 « 49 EJ r 



14 4 3 +' 8 " 25 EJ 



2 


Nuclear 




1 


Hydro 




20 


Natural gas . 


76 


21 


Oil ■ 


- 2 Coal 


15 


Coal 


74*EJ 


1 


Gas import 




Oil import 




76 

t 







Besides the addition* of seven numbers, here 
is the problem of subtracting the value for 
the energy of the imported coal. 



Energy Wasted 
4* Energy Used 

Total Energy Output 

Total Energy Used » 
Total Energy Output 



48.8 
+ 25.4 
74.2 

25.4 - 34% 
74.2 r. 



100% (Percent Energy Output) ^ 
- 34% (Percent Energy Used) * 

66% u (Percent Energy pasted) , 

Solardroid: u l. . .see. . .you. - .guys. . .get. . . 
the. . .same. . ."energy. v in. • .output. . .as. . .you 
.had. . .in. ..energy. .. input. But . . .it's.. . 
not* . .all. . .useable. .Yq&, • .really. .<need. • . 
to. ..work. • .on, . . thatl fT ' " 

Possible responses: Use heat from cookibg 
to heat space; use light fixtures that are * 
cooler; build cars that do not waste so touch 
energy (more miles per gallon, etc.). 



Ask students to add « the. four values 
given in Figure 3' in the end-use consump- 
tion column (give students these figures) 
and compare that answer with the sum of 
energy used for electricity plus fuel 
»consumed in end uses from Ffjjure- 4 . 



14 Electricity lost 

20 Household 20 Electric energy 

20 Transportation 54 Direct energy 
20 Industrial 74 EJ 

74 EJ, ' . ^ 

The answers are identical because; this is 
just a matter of looking at the siime overall „ 
flow of energy split up in different ways* 



Figure' 3— Teacher! Edition - 
Energy Fl ow Through the U.S. Economy 



r 



PRODUCTION 
Nuclear Poweki . i 



j and Natural 
»s Liq 
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■ERJC 



Approximate flow of energy through the economy of the United State* in 1976 
V exclu * lve of ^1 "8^8 ere in ewjoulee (EJ « M» j) . ' . 

All decimals ere rounded to the nearest," whole nuseer., 
* . ♦ for use on students ' * charts . • 
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Figure, 3— Student Edition 
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Recording Sheet—Teacher Edition 
Energy Flo y Through the U.S. Economy 



Energy ,'Inputs 
Fossil Fuels: 



21 



21 



16 



15 



Total 73 X EJ 



EJ Natural -Gas 
EJ Oil " 
EJ Imported Oil 
EJ Coal 



Other "Energy 
Inputs 

. Total 



.EJ Nuclear 

EJ'Hydropower 

EJ 



Grand Total Input 76 .EJ 



B 



73 EJ 



Input Fossil Fuels 
Subtract 

Fossil 'Fuel Export 2_ £J 

Total Fossil Fuel Input __71 EJ 



Grand Total Fuel Input 
Subtract 
Fossil Fuel Export 

• (Coal) 
Difference 



76 EJ 



74 



EJ 
EJ 



What percent of Energy Input is fossil fuel? 



71 - • .96 % 
74 




to Make Electricity _ 4 EJ Oil 



3 EJ Natural 
Gas 



10 EJ Coal 
1 EJ Hydro 



2 EJ Nuclear 



Total 20 EJ 



Fossil Fuel Energy tnput 17 EJ 
(Oil + Natural Gas + Coal) 



What percent- of Energy Input to make 
electricity is fossil fuel? 



12 - 85 % 
20 



What percent of Energy Input used to make 
electricity is wasted? • 



J"> Total Energy Input 
**to Make Electricity 20 EJ 



Waste Energy 
Useful Energy 



13 EJ 
7 EJ 



13 - 65 % 
20 



What percent is useful? 

7 «. 35 X 
• 20 



ERIC 



45 



4 



37 
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•Recording Sheet — Student Edition 
; , Bfeergy Flov Through the U.S. Economy 



/' 


i 




• 

S 




A Energy Inputs 
Fossil Fuels 


EJ 


Natural Gas 


* i 

B Input Fossil Fuels 


EJ 




EJ 
EJ 


Oil 

Imported Oil 


Subtract * 
Fossil. Fuel Export 


EJ 




EJ 


Coal 


Total Fossil Fuel Input 


EJ 


' * Total 


EJ 






♦ 


Other Energy 
Inputs ^ 


EJ 
EJ 


Nuclear 
Hydropower 


Grand Total Fuel Input & 
Subtract 
. Fpssil Fuel Export 
(Coal) 


EJ 
EJ 


Total 


EJ 


Difference 


EJ 


Grand Total Input 


EJ 




What percent of Energy Input 


is fossil fuel? 


i . - - * * 






71 - % 

74 - 

< 





C Energy Input 
to Make Electricity [ EJ Oil 

* i EJ Natural 

Gas 

EJ Coal * 

* . EJ Hydro 

■ EJ Nuclear 
^ Total EJ 

Fossil Fuel Energy Input _ EJ 

(Oil + Natural Gas + Coal) 



D Total Energy Input 
to Makq Electricity EJ 

Waste Energy n l£J 

j Useful Energy k EJ ^ 

What percent of Energy Input used to m§ke 
electricity is wasted? 

* 3 

13 - % 

20 



What percent is useful? * 




What percent of Energy Input to make 
- electricity is fossil fuel? 

' %7 m Z . . . .- ... 

20 



* Activity 6 
Balance Sheet~Teacher Edition 
/ Conservation of Energy 





1*1 E! J LossTln Electricity 

6__ EJ Loss in Housing 

17 EJ Loss in Transportation 
12 EJ Loss in Industry 

*9 EJ Total Waste Energy 



If EJ Useful Energy' in Housing 

j EJ Useful Energy* in Transportation 
8 EJ Useful Energy in Industry 



25 EJ Total Useful Energy 



Nuclear 
Hydro _ 1 

Natural Gas 21 EJj: 

Oil 37 EJ 



Coal 





(20.+ 1 Imported) 



7 * EJ Total Energy Input 



74 EJ Energy Input 




74 EJ Energy Output 



<~*>s\ ^Vv _/Vl 



How efficient is our energy system? 



Energy Wasted 
+ Energy Used 
. To^al Energy Output 



49 EJ 



+ 25 EJ 
74~ EJ 



Tqtal Energy Usfeei m 2$ 
Total Energy Output 74^ 



What percent of Energy is wasted (apt used by people)? 



Percent Energy Output 
- Percent "Energy "Used 
Percent Energy Wasted' 



100 X 
_34 X 



39 



ERIC 
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Activity 6 
Balance Sheet — Student Edition 
Conservation of Energy 




EJ Loss in Electricity , 
. EJ Loss in Housing 

EJ Loss in Transportation 
EJ Loss ±p Industry 

EJ Total Waste Energ 



0 





EJ Useful Energy. in Housing 

EJ Useful Energy in Transportation 
EJ Useful Energy in Industry 



EJ. Total Useful Energy 



Coal 




Nufclear 
Hydro 

Natural Gas 

Oil EJ 



EJ Total Energy Input 



EJ Energy Input 



EJ Energy Output 




How efficient is our energy system? 



Energy Wasted 

]+ Energy Used 

Total Energy Output 



EJ 
EJ 



EJ 



9 



Total Energy Used V" ? 
Total Energy Output / ? 



What percent of Energy is wasted (not used by people)? 



Percent Energy Output 
2 Percent Enerisy Used 
Perceht Energy Wasted 



% 
2 



Figure 4— Teacher Edition 
Electricity as an Intermediate Energy Form 
in the U.S. in 1976 



Oil Imports 15 



5\VfiJ - 



Domestic Oil 
21.0 EJ 



Natural Gas 
* 21.3 EJ 

Coal 12.8 EJ 



Total Fossil Fuels 
• 71.0 EJ. 



Oil 33.TEJ 



Natural Gas 18.$ EJ 



4J. 



Coal 2.6 EJ 



Oil 3.8 EJ 
Natural Gas 3.3 EJ 

Coal 10.2 EJ 



Hydro 1.1 EJ 
-Nuclear 2.1 EJ — 



ectrical Generating Plants 



5.5 EJ, 




.> 1.1 EJ 
* 0.6 EJ 



11.8 EJ 



>1.5 EJ 



Direct Uses 
of 

Fossil Fuels 
S3. 7 EJ 



Electrical 
Energy 
Generated 
7.2 EJ 



Energy Wasted 
irv 

Electrical 
Generation 
13.3 EJ 



- — EJ is the abbreviation for exa-joule, a unit, of measurement for. energy. 
The joule is the basic recommended metric unit for energy and the pre- 
' fix exa- means 1,000,000,000,000,000,000 or 10 18 . Thus, 71.0 EJ is 
£ the same as. 71.0 * 10 A8 J or 71,000,000,000,000,000,000 J. ' 

—All decimals are rounded to the nearest whole number for use on 
students' charts. 




Figura 4-— Student Edition 
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Unit II, Lesson 1; Electric Lighting from Coal 



Overview 



Background 
Information 



In -this lesson the focus is on a specific energy flow, The potential * 
energy of coal is followed through many conversLns, suWL^n^ 
energy inputs and losses that occur between the coai inlhe^rouS and 

ciencv^h if 3 "ft" bulb ' E *P e ^ce is ^iven with^ff£ 

ciency and the ide* of overall efficiency of a system is introduced. ' 

iL? ? ^"nV 1186 C ° al su PP lies about 'as much of the primary energy 
used in the U.S. to generate electrical energy as all other pT Wy L- - 

IiSmT COmb 1 ined ' t0 Sh0W the 8te P s to produce eU?trTc 

lighting from coal, a flowchart similar to the, food system flowchart 

'fLr?\ 5f P08S J ble ^ thls flowchart for electric lighting from 

Sere L otw ln 0 XP J 1C J tly ODly the ener8y in » ut of the C08i ^self 
There are other inputs (e.g., energy used to mine or transport coal), 

^These are indicated in the flowchart as losses. That is, they arT 

charged against the original energy input of coal. 

oTrtoules 8 fS"i;T b ° XeS ° f fl ° WChart *» FigUre 6 the decrea8e 
rLl J ( \u re P resents an input of energy' needed to mine 

coal Between the last two boxes in Figure 6, where electrical energy 

c^rS'in^ater Pr ° CedUre *" ^ ^ * the «~ 

RegSrding the specifics of coal mining, there are some misunderstandings 
These may come out in student discussions. For Instance, the «th ' 

Z StT 88 th ° 8e 8hOWn in the ? lcture Figure 5, are not used 

I"* * * fining for actually handling coal. They are used to remove^he 
f^T? <°verburden) above the coal seam and then smaller equipment U 
used to handle the coal. Strip* mining can be done in such a way that 
the overburden removed from one strip can be directly deposited by the 

the resulting ridges can be later bulldozed level, unless special at- 
tention is given, the original topsoil is buried anHhe ^grotf 
" t.f not su PP° rt vegetation and serious problems <*n result. 
!™ ° ur current Production of coal cornea from strip mines and 

«uch of the Western coa\ which will be mined in the next decade is 
close enough to the surface to be strip mined. 

If coal is to play an important role in the next decade or so, the 
economic/environmental probleW strip mining will have to be solved. 

Tf"*? 1 ? r blaa8 8UCh M air P° llution associated with coal 
combustion will also have to. be solved. 



Objective's Students should be able to: 



1. List five main, stepson the flow of energy from coal to elec- 
trically produced light. , " ' ieC 

2. Demonstrate understanding ml w ha$ accounts for the expenditure 
* and losses i of energy withiif this system. . f . * 
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3y {Optional) Discuss the waste products and other^problems as- 
sociated with each step in converting coal to light* 

**- * * * 

Materials 1, v Picture set (Figure 5) 

2. Energy Flowchart, for Electrical Lighting from Coal (Figure 6, 
Teacher and Student Edition) 

3. Electric Power Plant — Schematic Design (Figure 6a) 

4* Precious "Jewel" Joule Game instructions (Activity 7) * 
5. Game score sheet, buttons, decks of cards 



Teaching Suggestions I 

Use Solardroids to introduce this 
lesson* 

Note : Suggested script for -students to 
role-play. Students may Expand the scene 
throughout all lessons and write their 
own scfci^t. s 



li Use set of ten pictures. Figure 5. 
They show what is involved in obtaining 
electric lighting from the energy In coal, 

*Have co^l for the students tq examine. 

Discuss with the class the energy flow 
in Figure 5. Give order of pictures. 



'2. The energy of coa\ is a kind of 
stored energy known as chemical energy. 
Essentially the burning of coal is a 
chemical reaction in which atoms of car- 
bon lit coal combine with atoms of oxy- 
gen from the air to form the gaseous 
substance called carbon diotflde. The 
amount of heat energy given off by this 
chemical reaction is what is meant/ by 
ti** energy of coal. See Figute 6a* 



Commentary 
Solardroid: 

I. . .have. . >been. . .thinking. On. /.planet. . • 
X. . .wef. . .directly. . -convert . . .energy. It. . . 
is. . .a. . .two-step. . .process. Both. . .are. . . 
100%. ..efficient. One. . .converts.. .energy... 
of . . .starlight. It. . .becomes. . ."YGRENE". 
Second. . .step. . .converts. . .the. . .ygrene. . .to 
. . .whatever. - .energy. . .we. . .need. Your, . . 
electrical. . ^energy. . .works . . .like. . .ygrene. . 
X. ; . guess. ■ 

1. Students work in pairs tb discuss and 
put the set of pictures in sequence. 



Some may never have seen it. 

* 

There are two pictures for each of the five 
main steps in the* energy flow. Appropriate 
order, would bee 

,,,,s ,\ ♦ * 

1. A* .(dragline) 1- I (miner) ^ *• 

2. B (railroad coal (f 2. E (coal freighter) 

car) 

3. C (steam turbine) 3. F (power plant) 

4. J (high voltage . 4. D (transmission, 
transmission lines) lines with transformer) 

5. G (incandescent 5. H (fluorescent * 

light) . light) 

* .+ 

'j * ' 

2. Solardroid: "0^. . . I. . . see. . . the. . .power 

. . .plant. . .eats. . .coal. • .like. • *^tu. . .Earth* 

lings. . .eat. ..food!" * ^ % 



Earthlingi "Na f noi" 

Solardroids x M Yes...I. . .shoW. . .you. . 



Solardroid; Hah^S cut Figure J&. 
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Ask where there might be energy conver- 
sion evident on the flowchart, Figure 6. 
Have students mark on the chart where the 
conversions take place and what forms 
they take. 



3. The* amount of energy is smaller in 
the last boxes. Ask students to suggest 
where the energy goes as w^ll as what 
form the "waste" energy takes. 



Have students calculate joules in boxes 
2 through 6 by subtracting expended or 
lost energy shown in the small side boxes. 

OR Optional: . ... 

Step- 2 is 97% efficient. Ask accents to 
calculate 97% of 96 J. Ask ho4 many joules 
are lost or expended in this step. 

The step from Box .3 to 4 is 33% efficient. 
Have students calculate 33% of 93 J for 
Box 4. How many joules were lost or ex- 
pended in this step? 

These»calculations may" be done for each 
step. 

4. Each of the steps i!h energy' flow from 
coal to electric lighting .involves two 
kinds of waste. .One is an energy waste in 
the form of heat as was discussed earlier. 
The other is waste products released into 
the environment x What are some of the 
waste products and environmental problems 
associated with each step? 

5. Precious "Jewel" Joule Game (Activity 7) 
A fast moving game which allows students 

to attempt to save energy. The element of 
chance does not allow it to simulate a 
real energy flow system, but does provide 
the idea of energy expenditure and waste 
trom prime energy source to end use of 
energy. . , 



In Figure 6 there are energy conversions in- 
dicated—chemical to heat, heat to mechanical 
mechanical to electrical, and electrical to 
light. In going from box a to box 4 heat en- 
ergy (in steam) and mechanical energy (rota- 
ting shaft in the turbine generator) are 
implicit. 

3. Answers will refer to the energy required 
to operate the mining equipment and separata 
the waste rock, etc. Most "waste" energy 
takes the form of heat. Refer to the Energy 
Lost and Expended columns of Teacher Edition 
for Figure 6. 

100 - 4 - 96; 9,6-3-93; 93 - 31 - 62; et 



Box 1 to Box 2: 96% of 100 J - 96 J 

100 - 96 J ■ 4 J 
Box 2 to Box 3: 97% of 96 J - 93 J 

96 J -.93 J » 3 J „ 
Box 3 to Box 4: 33% of 93 J - 31 J 

93 J - 31 J - 62 J 
Box 4 to Box 5: 85% of 31 J 26 J 

31 J - 26 J - 5 J 
Box 5 to Box 6: 5% of 26 J - 1,3 J (round to 

* . 1 J) 

, 26 J- 1 J - 25 J., 

4. Have student pairs talk about and list 
what they would consider to be one problem 
for each step., These problems are in the 
right-hand column of the Teacher Edition for 
•Figure 6. 



/ 

5. Refer to game directions on page '51; 

Materials- needed for game: 
buttons 
decks of cbrds 
score sheet 
pencils 
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SAVING DOLLARS 



6 t '.Optional: ''Saving .Dollars" can be ' 
♦usqji with* this lesson or with solar Ener- 
gy, Unit IV, Lessor 2. This also makes a 
good home assignment* The concepts ih- 
f volved in 'this activity apply to other 
situations such as solar heating in 
which payback** icoes are 16nger . but the 
annual savings are greater. 



Incandescent lighting has an electrical 
energy conversion efficiency of 5% while 
fluorescent lighting has a '2QZ efficiency. 

For example, if ^t costs $28,00 per ;ye£r . 
for, the elfectricity to illuminate a kit- 
chen with incandescent lighting, it would 
cost $7. 00 /per year for- the electricity' 
to provide that sajjie amount of il luminal 
tion using fluorescent lighting. Why do 
you think tRis is so? * > 



Assume that the incande'stfnt and fluores- 
cent *Sfiilb replacement costs could be the 
same.*STbe fluorescent fixture would have 
a higher cost because it heeds to contain 
more complicated parts. 

Assume that the requir£& fluorescent fix- 
tures haVe an installation pricey of % $50. 00 ^ 
while the' figure is $29.00 for comparable \ 
incandescent t fixtures. This means that in 
..the construction of a new house choosing j 
fluorescent rather, than inca ndescent' 
lighting would cost $2L^58ore for the 
initial installation ^Sfie-time expense >, 
but $21.00 less for electricity each yea*. 

In a new house, which type of electric * 
lighting would save you the most money 
over 5 years? How much? Why? \ 



Have 'apparatus for students tp plug in 
"both types of lights (or locate the two types' 
of lights in the school). After allowing 
the lights to be on 10-15 minutes ,* check for 
heat given off by holding hands 3 cm fropi - f 1 
each light. ^ 
Fluprescent lights do not ^rodute much waste 
heat^ burn cooler. They will last longer. 



Fluorescent. 

$2i%Q0 x 5 yrs -.,$105 ,-'$21 extra installation 

fee * $84 saved 
In this example on£ year would be 4 called 
"payback t±w" whe£ , the,«toial costs for tluOTV 
rescent and incandescent v^ighti^g would be 
the same. Each. year after $he first otte^ou 
would be saving $21.00 if you had chosen to > 
haw fluorescent lighting • " f" ~ / 



When replacing the incandescent lighting 
in an existing house with fluorescent 
lighting, tha installation price of the 
fluorescent lighting would be wore than 
in -new construction, let's say, $63.00 
instead of $50.00. What would be the 
"payback tiw" in this case? 



"3 



This ♦wpuld Mice the payback time 'three yaars, " 
($21.0a savings v per yr ; for 3 yrs » §63^00 !,/ l\. 



savings on sleet rici ty ^. 



s Figure 6 — Teacher Edition 
Energy ,„ , ftlofl Sheet for Electric Lighting from Coal 



gnergy Lost and 'Expended 

*96Z Step efficiency 
Energy expended in 
mining, preparation for 
mining, land reclamation,^ 
coal processing 7 



97% Step efficiency 
"Energy expended in trans- 
portation of coal by train, 
ship, truck, coal slurry 



100 J of chemical 
energy in coal which is 
in seams ' in geological 
formations in, the grourf^ 



33% Step efficiency 
Energy expended in, operating u 
the power plant; heat lost \ 
up smoke stack; heat lost to 
the cooling water" in the tur- 
bine condenser 



85? Steg efficiency 
Energy expended as heat loss * 
produced by electrical resis- 
tance in the vires of the 
transmission power line; in 
the manufacture and maintenance 
of transmission towers^ lines, 
transformers, etc. ] 



52 Step efficiency 
Energy expended to maintain the 
filament of the light bulb <at a 
high temperature (incandescent) 
energy lost as heat to ait 



Waste Products and Other Problems 



96 J bf chemical 
energy in coal ready 
for use there or for 
transport to another 
location 




* 


■ 1 * 


S3 J -of chemical 
energy in coal in the 
storage pile at the 
plectric power plant 


■ < 




> 


31 J of electrical 
energy (derived from 
burnfhg coal) leaving 
*the power plant 




. \ 

C 





energy at a home or 
other place of end' use 



1. unproductive, unattractive 
ground surface 

2. water contamination by mine acids 

3. subsidence 

4. underground fires 

5. fatalities, injuries, and black 
lung disease among miners 



1, coal litter along trans- 
portation route 

2 , equipment 

3, right of way requirements 
A* water requirements for coal 

slurry 



1^ stack and cooliffg water heat 
losses , . 

2. air pollution by particulates 
and gases from stack , * i 

3'. , appearance of coal pile 

A* fish get in cooling water in- 
take tubes 



ll unsightly and dangerous 
overhead transmission lines 

2* peak energy demand pay iods 
determine generating capacity 
requirements 



1, bulb replacement 

2. waste heat can be a problem in 
closed spaces during hot weather 



1.3 J of TigH energy 

(electromagnetic radiation) 

N ^ t ' * * . J ^_ 



s 




\ 






CGCUhUr UMTC« TANK, 
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Activity 7 
Precious "Joules" 



it 



.1. -For 4 to 6 players. 

•2. Use Figure 6, student Edition, as gameboa*d. 

3. §4ch player choose a game marker (use buttons, coins, 

paper squares) r r 

i * * 

4. Use a deck of cards to determine numbers. 

5. There is no advantage to being the first player. 

1. Each player starts with 100' J „in Box 1. 

2. First player draws a card from the deck. 

3. If the card is from Ace to Ten, the player moves to . 
Box 2 and subtracts the face value of the card from 
his/her 100 J. Use score sheet. Ace - one (1). 

4. However, if the" card is a face card the player may not 

• move to box 2. * Instead s/he must be placed in the small 
side box. "The player still subtracts from the 100 J. 

i 

S/hensubtracts 10; face cards =10. 

5. A player may get out of a. small box only be drawing 
a non-face card. 

6. Players must subtract from their remaining joules 

the number on every card they draw even those drawn in 
an attempt to get out of a small box, 

7. Each player in turn draws a card. - 

8. The game continues until each player has successfully 
moved through all boxes, 2 to 6. 

9. The WINNER is the player with the" largest number of 
remaining joules. 
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PRECIOUS "JOULES" SCORE SHEET 



PDAYERS 


1 


.2. 


3 


4 


5 


6 


y 


















BOX 1 


100 


100 


100 


100 


100 


100 


9 • 




\ 








i 


* 


Box 2 


; 
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Unit II, Lesson 2; Energy Flow for Automobile Fuel 



Overview 



Background 
Information? 



Objectives 



Materials 



The cl«as examines a four step energy flowchart which starts with crude 
oil in the ground and ends with, a moving automobile. The least effi- 
cient step is studied in greater detail beginning with. the automobile 
engine and continuing oil to its other parts. Other means of transpor- 
tation are examined primarily from an energy efficiency point of view. 

Teachers wishing background material on oil and transportation systems 
may find useful the discussion on pages 23-25, 115-116V and 138-140 in 
The Energy-Environment Sobrce Ronk , by John M. Fowler, National Science 
Teachers Association, Washington, D.C., 1975,. For this lesson it is 
assumed that the students' experience in reading energy flowcharts in 
LI* 6 !; less 9«a aalu* it appropriate to put the students more on 
tlie^pp*i in reading and interpreting the flowchart on automobile fuel. 

Students should be able to: 

1. List the four energy conversions in the flowchart for the trans- 
portation system involving s^he automobile and identify the least 
efficient conversion processT^ 

2. Identify some of the environmental problems associated with 
this energy flow. 

(Optional) Compare and/or discuss relative to life style the 
energy efficiencies of the different forms of transportation. 



3. 



1. 



2. 



4. 
5. 



Energy Flowchart for Automobile Fuel (Figures 7 and 7a, Teacher and 
Student Edition) 

Energy Flowchart for a Moving Car (Figure 8, Teacher and Student 
Mitlon) 

Relative Energy Efficiencies of Some Kinds of Transportation 
(Figure 9, Teacher and Student Edition) * 
Mural paper, caryons , etc. 
Magazines, scissors 



Teaching Suggestions 



1. Present the material on crude oil and 
refineries to students and have them pro- 
duce a wall mural depicting the major 
steps in refining oil. The mural should 
be done to explain the processes to 
Solardroids. 

Have Solardroids write a script in which 
♦they are intrigued by the "eating" (or in 
this case ; M drinking") analogy of the car 
using this liquid. They wonder what it is 
and how it\is?used. * 



: Commentary 

1. Mural Background Information: 
The crude oil which is ffcijnd in the ground 
is believed to be the remains of both plants 
, and animals which did not decay in the 
usual way. Instead they sank to the bottom 
of large bodies of water tens of millions of 
years ago, were covered by layers of earth, 
and subjected to great pressure and heat. 
Over the years this produced the crude oil 
wkich alowly flowed through parous rock until 
it was trapped in pools under non-porous rock. 

Oil is different from coal in several ways. 
For example, e^ai is roughly ten times as old 
as oil and har had almost Everything removed 
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/ 

2.. Upe Figure 7. Have s^idents figure 
the reduction in joules fbr each process 
step. Where is the largest joule loss? 

l 

Have students construct an alternative 
flowchart based on imported oil. Use 
Figure 7a. Use data bn energy used in 
tanker transportation and on oil spills 
founds in the Enerffi-Environmetft Source 
Book ; by John M. Fowler, National Science 
Teachers Association, Washington, D.C., 
1975. 



except the carbon *atoms from the priginal 
living plants. Besides carbon atoms, there 
are "hydrogen atoms still left in oil. In 
oil these two kinds of atoms are combined 
in units known as molecules. Crude oil 
is mostly a mixture of many different kinds 
of these "hydrocarbon" molecules. 

Oil wells are holes in the ground which have 
been drilled and lined with pipe through which 
this etude oil mixture of hydrocarbons is 
brought to the surface. Initially in some 
wells , the pressure is great enough to force 
the crude oil up the pipe, but ordinarily 
pumping is required. Once this mixture of 
hydrocarbons is at the earth's surface, it 
goes to an oil refinery. Here the different 
kinds of hydrocarbon molecules are separated 
from each other. 

2* 100 J - 4 J ■ 96 J; 96 J - 12 J * 84 J 

84 J - 3 J «■ 81 J; 81 J - 74 J - 7 J 
In the car itself. 



3. The engine, of the automobile is where 
most of the 74 J loss occurs in the, last 
step of Figure 7. Ask them to suggest 
some ways in which energy is lost or used 
in the operation of the eng i n e. Poten- 
tial expansion to capitalize on student 
interest in cars ta^y be incorporated here* 
Use Energy Flowchart for a Moving Carl 
Figure 8. 



3. The friction between moving parts in the 
engine generates some of the heat energy which 
is removed from the engine by the radiator 
cooling system. The engine exhaust system * 
removes additional heat energy and is the 
major heat energy lost. 



4. Use car ads to locate places other than 4. Other important losses are indicated ifc 
the engine where energy is lost or used Figure 8. 

in the operation of an automobile. How 
much energy is left in the system to move 

the car? 7 J. , 



Bring in advertisements for cars* Examine Have pairs of students "build/a better 

the ads to see where they claim to save en- by <d rawing a fictional car which elimin 

ergy. Relate the claims to the energy uses parts of real cars which waste energy 
in Figure 8. \ 



cpr" 
r tes 



11/2 



5. Optional: Transportation means more 
than just automobiles. It means more than 
-just moving people around. In considering 
*our country's energy problems it is cer- 
tainly appropriate to examine the energy 
efficiencies of the various alternative 
means of transportation. To be most 
useful, a separation should be made be- 
tween the transportation of people and 
of "stuff". 

* > v 

Use Figure 9, Looking first at the 
transportation of people* we see that 
efficiencies vary depending on a number 
of different factors. What factors? 
Why -do people make the transportation 
choice they make? Produce a list/chart 
and pictures of choices. 

Despite the more frequent and shorter 
trips within a city to stores, school, 
work, etc., the total miles traveled 
is greater between ^itiesrand these', 
longer tripfc tend' to be more energy ef- 
ficient. Why? 



Possible responses: the distance of travel,, 
a rough classification of this is "within 
a city" and "between cities"; the load fac- 
tor, four people in a car; etc. 



Possible responses: not as many stops and 
stafts; slower; more 'turns; etc. 



Have students in groups prepare three wall 
graphs from the information in Figure 9. 



\ 



V 



Graphs: place methods of transportation 
relative to: 

^ 1. most passengers carried 

2. farthest distance easily traveled 

3. easiest to use (based on. group's 

rationale ) 



Brainstorm about the Future: 
When we move stuff rather than people, 
what additional types of transportation 
are added to the list of possibilities? 



Solardroid : "You. . , move. . .people. . . to. . • 
places. . .so. . .slow. We. . .can. . .go. . .by. . . 
what. . .you. , .call. , . , time. . .machines'.." 

Pipelines can be used to transport oil and 
gas (and even coal in the new slurry method), 
Wires transmit electrical energy. 



Solardroid: "What. . .do., 
wireless?" 



• you. 



.send. . .now. . • 



By stretching your minds a little further ^ 
think of "information" asNvkind^f stuff 
-that-rwe- nt**rd to transport, itew'might this 
"stuff 1 * be transported? 



Earthling: Radio, TV, etc. 

Rather than using the mail service, it may be 
more ejrfrgy efficient to send information usii 
wires, radio and microwaves , and even laser 
light in the new optical fiber systems. 
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Figure 7 — Teacher Editioi^ 
Energy Flowchart for Automobile Fuel 

■ ■ - - — T l 



Energy Lost and Expended 



Waste Products 



and Other Problems 



100 J of chemical energy 
in crude oil in the ground 



96% Step Efficiency 
Energy expended in explo- 
ration, production well, 
transportation to re- 
finery by pipeline 
and tanker 



87% Step Efficiency 
Energy expended in, the re- 
finery and lost as heat in 
the separation and other 
processing of the crude oil 



97% Step Efficiency 
Energyi expended in the 
transportation to service 
stations (pipeline, rail- 
road, truck) and in storage 
and pumping 



96 J of chemical energy 
"in crude oil 
at the refinery 



84 J of chemical energy 
in gasoline 
at the refinery 



81 J of chemical energy 
in gasoline in the gag tank 
of an automobile 



9% Step Efficiency ' 
. Energy expended in the 
engine and' other parts 
of the.car 



Dry holes; accidental 
blowouts, fires, spills; 
flaring*; imports - 



Odors, accidental fires 
and explosions 



Much less odor and danger t 
of fire than at refinery; 
hydrocarbons evaporate and 
add jto air pollution 



A ' 

Engine exhaust is a majaf 
cause of air pollution in 
heavily populated areas; 
used crankcase oil disposal 



7 J of mechanical energy 
in the potion ^ 
of the automobile 
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* Evaporation 
1 J 




From 
Gas Tdnk 
81 J 



7p 



80 J 



v Thermal energy of exhaust 
gases and surrounding air, 
and energy of unbumed 
hydrocarbons 
62 J 



To lights, 
fan, generator, 
power steering, 
water pump, etc* 
2 J' 




Engine 
(22% efficiency) 



Thermal Energy 
3 J , 



Transmission 
• an<| 
• Drive Train 
(30% efficiency) 



Air* Friction 
7 J 



S 1 

00 

Q fl> 

g 

o 
o 

CO 



1 



Road and 
Tire Friction 
6 J 
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Figufre 8— Student Edition • 
-^rgy F lowchart, for a Moving Car 



Lesson 3 



Graph 1: 

Relative Energy Eff iciencies of Some Kinds of Transportatio n 

(energy costs given in units of . 

passenger miles per gallon or' ton miles per gallon) 



Transportation of People 
(per person with average load) 



40 



Commuter Train 
Intercity Coach Traiii 
Pullman Train 
Electric Metroliner 
10-car Subway Train 

Intercity Bus 
Two-deck Urban Bus' 
Jumbo Jet (747) 
Smaller Jet (707) 
STOL Plane 
Hel icopter 
Helium-lift Aircraft 
Proposed U.S. S.S.T. 

Automobile 
"Queen Mary" 
M Q. E. II" 
Paddiewheel River Steamer 
! Bicycle 




Transportation of Goods 
per ton with average load) 



L^rge Pipeline 
Inland Barge Tow* V 
15,000-ton Gontainership 

100,000-tonj Supertanker 
. 200-car Freight Train 
100-car Freight Train 

40-car Freight Train 
Turboprop Air Freighter 
165-ton Hovercraft 
Small Cargo Jet (707) 
Large Cargo Jet (747) 

60-ton Helicopter 

20-ton Helicopter 
40- ton Truck 



100 

i 



WO 





*2 



Source: "System Energy and Future Transportation." » • •• » 
Richard A, Rice„ . Technology Review , January 1972. 
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Figured—Student Edition 

TfWSKXTMotttf recrte (perye u.H* mxy> lead) 
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Bicycle 
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!0O CAR 
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3== fl=i *n a 
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^ (enargy costs given in units of joules per kilometer) 
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Overview 



Background 
Information 



Unit II, Lesson 3: 



Heat Leaks and Heat Engines 



An analogy is presented between the temperature in a heated house and 
the water level in a leaky bucket. The lesson goes on to consider 
heat losses from infiltration" and by conduction. Student activities 
involve detecting drafts and the insulating qualities of different, 
materials. ■ 

The term infiltration refers to the passage of air into and out of a 
building through any openings. Infiltration accounts for about J 55% of 
the heat losses from well constructed and insulated homes, so t^e stu- 
dents* work with the "draf tometer" is right \ on target. The other home 
heat losses are essentially conductive with 24% through the walls, 
14% through the windows, 4% through the ceiling, 2% through the floor, 
and 1% through doors. (Although less heat escapes through one square 
meter of vail than through* one square meter of window, the total wall 
area is much greater than the total window ar^a.) Inadequate insulation 
can change these per cents considerably and double the non- infiltrative 
heat losses. Additional background information can be found in the U.S. 
Department of Energy's publication EDM-1028 entitled. Energy Conservation 
in the Home.„ 



Objectives 



Materials 



Students should be able to: £ 

1. Identify space heating as the largest residential end use of 
energy. 

Describe hoy heat is lost from a building by infiltration and 
conduction and how to reduce such losses. 



2. 



1. 
2, 

3. 
4, 
5. 
6, 
7. 
8. 
9. 

10. 
11. 



Home Uses of Energy (Figure 10,' Teacher and Student Edition) 

Water Level in a Leaky Bucket Diagram (Figure 11; with a #10 tin 

can punctured with nail holes, a tub or basin, and some water) 

Draft Check Sheet (Activity 8) 

Challenge: "Save the Ice Cube" (Activity 9) 

Variety of potential insulating materials . * 

Ice cubes i clock . 

Directions for an Experiment on Insulation (Activity 10) 

100 watt light bulb in ceramic socket, cord and pjju-g 

A variety of insulating and non-insulating materials i such as wood, 

aluminum* foil, fiberglass, glass, newspaper, heavy cloth, etc. 

Cardboard box with four openings cut in it 

Four thermometers, masking tape, a watch 



Teaching Suggestions % ^ ^ 

1. Use Figure 10. After, giving the^*^ 
class aft opportunity to look at it for 
_a minute, ask which of the uses in the 
hosse consumes the greatest amount of 
energy. By how much? 

Have Solar dro ids discuss the problem of 
heating a house. .Do "the leaky bucket - 
demonstration, Figure 11* 



I 



Commentary 

*■ * 

1. Space heating or heating the living 
*&nea c in the home uses more energy th&n all 
othersNnagj^qSd* 



! 

Solardroid; "You. . .have. . . probl'eSiK « .with. . • 
keeping. . .heat. . .energy. . . in. . .your. /.houses. 
Let. . .us, . - Show, . .you. • .your. . , problem. f, % 



\ 
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The higher water level in the bucket relative 
' to the outside is analogous to the higher 

temperature in a heated house relative to 
the temperature outside. The analogy even 
extends to the increased rate at which heat 
(water) leaks out when a greater difference 
in temperatures (water levels) is maintained 
inside and outside. 

Look at Figure 10 again. Which energy Necessities: heat, hot water, stove, 

uses are necessities and which might, not refrigerator, light, washer; 
be necessary?. Which uses could be , Not Necessities: Air conditioning, TV, etc. 

reduced? Reduced: ALL 

Students can draw in other energy users 
in the house, i.e., their favorites: 
hair dryers, stereo, £tc. 

2. Have Solardcoids show the class a home- 2 m The draftometer can be made quickly by 
made draf totaeter , but not name it. Ask one ^attaching the shorter edge of a piece of thin 
of the students how this device might be 
used to help locate where heat is being 
lost from a house or classroom. Have stu- 
dents make draf tometers . Checking drafts 
at home and /or in school will demonstrate 
heat losses. ' Have students record the lo- 
cation of drafts on a map of each room 
checked, arid/ or on the Draft Check Sheet 
(Activity 8). " 



/plastic food wrap (approximately 12 cm by 
V 25 cm) along ^something like a pencil with 
scotfh tape. The hanging plastic responds to 
quite gentle air movements and can indicate 
air leaks around doors and windows. Holding 
this device near the edges of windows and 
doo£s, by baseboards, and by electrical out- 
lets and -switches allows you to test for 
drafts or air leakage. It should be clear . 
that hot aif moving out of the house an<ji 
cold air moving in represents a heat loss. 



What might help reduce such heat losses? 



Weather stripping, 
dows, drapes, etc. 



insulation, storm win- 



Do Activity 9, "Savp the Ice Cube". 

* .r " 

You might bring' Into £he classroom egmples 
of different kinds of vfejtfters tripping and 
describe how each of these and caulking 
arj» used to cut down on -heat losses. An 
appropriate activity would be to have 
students* check the air temperature near 
the ceiling and near the floor at home 
and/or at school. 



Probable findings: warmer 'temperatures near , . 
ceiling and cooler ones< near floor. 



Ask the class to suggest the possible 
causes of air movement inside a house. 



People just moving around, the fans in forced 
hot air systems* the air movement which re- 
sults from warm air rising in a room because 
it is less dense than cold air. 
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3* Heat energy leaks out of 
through the walls and ceiling. In tjhls 
kind of situation where one side of" a ma- 
terial object like a wall is at one tern- * 
perature 'and the other side is at a differ- 
ent temperature, the heat energy is con- 
ducted by the material itself. Poor con- 
ductors are known as good 'insulators. 
Have students do the insulation experiment, 
Activity 10, 



\ 



Solardroids challenge Earthlings to. design * 
houses as leakproof as those on planet Stu- 
dents may describe, draw or make models of 
their leakproof houses. 



' " r. ' 

Figure LO— Teacher Edition 
Home Uses of Energy 



Space Heating ' 
Water Heating 
Cooking 
Refrigeration 
Air Conditioning 

s ion 
is Drying 
*od Freezing 
Other 




• 57% 
15% 
5% 
6% 
4% 
3% 
3% 
22 
2% 

3% 

100% 



Sn 



67 



V/ 




11/3 



. Figure IX - 
' Wfrtet Level in. a Leaky Bucket' biagram 





is. 




9 



V 



^/Questions': * • „ ' . ' 

1. Ho^ is the water in the Bucket like heat 14 a house? 
.2, Jtfhat happens when vater (heat) is added? 



■ . V 



V 



> ■ 




, 1 'N 



r 



J 




4 % 



I. 
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s * . . * 
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Materials 



Activity 9 ' , * 

Challenge: "Save the* Ice. Cube \ * * 

A variety of potential insulating materials * 
Ice cubes 9 J <- / 

Clopk 

I. Students 'bring in any material they wish from home 
(they may share; work in'pairs) • 



2. 



4. 



Student^ are to insiilJjjfce an ice cube to see who can 
keep the iee cube "alive" the longest. 

( 

Students prepay their ice cubes and record time of 
.the life^of the ice cube. H 

Discuss; those cubes who^went first". 

those cubes who "lived longest". 

Relate this .to insulating problems. « , ' 



Activity 10 
Experiment on Insulation 



Materials 




100 watt light t>ulb in ceramic pocket* % , 

A variety' of insulating and non-insulating materials such 

as wood, aluminum foil, fiberglass, glas§, newspaper, 

heavy cloth, ete« 
Cardboard box with four openings cut in it 
Four thermometers' ^ " 

'Masking tape* * > 



A watch 



I- cur Bsrt^Mogr 



. □ 



5 



2. Cor wn&oujS 

OK EACH 





m 


1: 









3. T Efic f- j>fpFg<BE^rw5ug»r>ftt6" 
MtWftALS c wood i (en, FiBee&mss, 




eta* tuswfimo 
www*. 
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6. Now calculate th£ change in temperature for each material 
using the 1 recording tables below* 

7. Decide which would be the "best insulating materials. 
Explain your reasoning, * > 



Before 
-4 — ' 










V ■■ 




After- 














Change 






• 









WOOL FOIL ^ fjy^ METAL GLASS PAPER 
. \ . . ' Materials 


Before 










0 

* 




Af ttsr 1 . 








* r 


t , 




Change \ 
» u 1 


wool : 


FOIL 




f 


SIT ACC* 


*- 



GLASS 
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Unit III, Lesson 1: Limits of Energy, Resources 



Overview 



Background 
Information 



Objectives 



This lessoji distinguishes between- renewable and*depletable energy J 
resources 'ancf goes on* to look at the amounts of the depletable resources 

have in the U.S. and in the world. The number^of joules of energy 
these depletable resources contain are compared to the total number ,of 
jj^joules of energy the U.S. will probably 'use in the next 25 years. 

The amounts given *f or the U.S._ natural gas and oil resources in Figure 22 
include the amount* expected from enhanced recoyery. 'Enhanced recovery 
makes use of a nui^ber of techniques, including pumping various things 
down some wells in order to get more production from other wells in an . 
otherwise exhausted field; FigSte 22 does not include oil shale and geo- 
theraial as energy resouj^es of some possible significance; 'However, 
optimistic estimates of these resources are 6.1 x lO^ 1 J and 3.6 x lO^ 1 J 
respectively, but in e^ach case extensive research and development are 



For 
10 Sl 



required to bring these resources inta anything near this amount. . 
comparison -purposes, the renewable solar resource can provide 45 x 
of , energy per year. , ' 

i . . \ ■ 

Students should be able to: ' | 

, 1. Distinguish between renewable and depletable ^energy resources. 
2. Compare the magnitude of some primary energy resources with 
the expected energy use in*the U.S. 1 «•' , * 



Materials 



1, 
2. 



Graph of Annual U.S. Energy Use (Figure 12) 
Energy Requirements* aneU£esources (Figure 13) 



Teaching Suggestions 



1* A Solardfold can make the 'distinc- 
tion between renewable and depletable 
resources. - ' 



Sunlight is like starlight, both are re-> 
nevable resources. Hydro energy is re- 
newable. Bulk most of the' energy being 
used on earth today £s non-renewdble or^ * 
depletable. If and when any fossil^ fuel 
gets used up, it, is depleted; it is gone;' 
itT will not he renewed. 

Earth's present use of ' depletable^ energy 
resources usust someday ccJme to an end. s 



Commentary v " ; 

1. Solardoird: Your assignment is to help 4 
introduce this lesaon on the difference be-^ N 
tween energy resources which can be used up 
(that is, -are depletable or non-renewable 
and energy resources whicl^ are renewable, 




M 0n. . .planet. . .X. . . the. . « only . • .energy 
source . « .used. ♦ . ip . . . starlights Starlight . .> 
.is. . . the. . .kind* . .of ; . .thing, .'.that. \ .can" 
not . • .be. . .used. . .up. . .completely. If . . . 
you.,, .use. . . it. . .all. , , t^day. * * thefe. . .will 
. . .st4.ll. . .be^. .some. . • .tomorrow. If. . . there 
. . .was. .?sopetM&&. J .Useful. . .to. . .do. . .with 



. . .your. . .fingernail. . . triomipgs, . . .you.., 
could. . .consider. . . them. - .a,. .renewable. • / 
resource. Each. . .wegk/. .you, . .could. . .trim.. 
v some. , .njore. M . v m 



2. Use the Graph 1 of Annual* U.S. Energy 
Use (Figure 12). Ask why the use of. ener- 
gy has been going up. 



There "has been both an, increase in the, num- 
ber of people and- an increase in the amount 
of" energy used by each person. * m 



in/; 



Ask how to go about predicting" the U.S. 
energy use for the future. 



V 



From 1850 to 1900 t what happened to en- 
ergy use? 

What happened from 1900 to 1950? 

NoW students are ready to ^project what 
might happen in energy use from 1950 to* 
2000. Haye students draw in their pro- 
jection on the graph. 

\ " . , > ■'• 

R£ise these questions,; 

Why are we talking about new and <iif- 

v fierent energy sources? v 

What are wfe using now? 

What is wrong with just continuing on 

as we are doing? 



3. Drilling wells to find new pools of 
natural gas and oil is an uncertain busi- 
ness. Nevertheless, %there is sufficient 
information to make sofae reasonable esti- 
mates of ^probable nfew discoveries. When 

.these are. added to the estimated p^$iuc- 
tion left in known fields we come uff with 
the following resource figures for gas 

*£nd oil in terms of t!?e energy they -con-* 
tain. 1 

Use Figure 13. 

Natural gas resources in the U.S. total 
about 1.1 x 10 21 J,* (There is abdtit 11 
times this amount in the whole world.) 
5| Have students draw in 11 more blocks to 
represent the total wc&ld gas reserves. 
The oil resources in the *.S. total about 
v 1.2.x 10 2 * J. (There is about 15: times 
this amount in the whole, worJ>d. ) Have 
.students draw in 15 more blocks £o re- 
present, the* total world oil reserves.' * 



^ 

Current energy use would be a good starting 
point and looking back in time at- the past 
energy ufce could suggest a trend for the 
future.^ 

It doubled. 5 EJ to 10 EJ 



It triple'tf. '10 JEW t^30 EJ 

It could Lftuadruple^^SG EJ to 120 EJ 



This is at the heart of our national energy 
problem. Importing oil is creating economic 
and political problems. We are /Tunning out 
pf our own national resources oi natural gas 
and oil. We may need to -switch to using much 
mote coal. 

3, Students may create a panel of "experts" 
on $epletable*and^renewat>le energy resources. 
The p&nel should include a Salardroid, an ex- 
pert on coal, one on qil,^one on natural gas, 
and one on uranium. ^Each student ,Vafter : 
having ^esearchecF her/his area of expertise, 
will give a 2 minute introduction on the fru'el 
and the reaspn it is needed noW. 
X 

The . class audience will ask questions of the 
panel menbers . These questions should 1 be 7 
directed tQward the future use of each. fuel* 

This activity will provide information for 
#5, concluding the lesson. * 



The estimated total energy use in the U.S.. 

for the- next 2$ ye^rs Is more th£n gas and 

oil together which supply about 75% of the 

energy we use today. The other fossil 

fuel is coal and the amount *of this energy ^ * . * 

resource is knows with greater c^rtairity 

than any of the others'. • The coal resources . / 

in the U.S. total about 14.0 x % 10 21 J.' / 



Ill/ i \ 



(There is about 10 times ,th is amount in" 
the w|ioie world.) Make some comparisons 
.in Figure 13. Have students draw 10 more 
blocks to^represent the, total world coal 
reserves. 

4. Resources art of -interest because of 
their possible use in the future. A de- 
pletable resource is one that we could "run 
out of in the future. Of course, whethei 
you run out of something or when you run- 
out of something depends & part on\iow 
much of it you use. The U.S. is cur- 
rently using about 17 x 10 21 J of energy 
each year. The U.S. uses "one third ^£ ' 
world energy^ requirements per year. 

Have students show on Fifcure 13 how much 
the world will use In energy in the next 
25 years, if this rate' of use continues, 
* 

5. Conclude .this lesson by halving stu- 
dents identify different ways to proceed 
lf/wTlare not satisfied with the 'present; 
situat ion' or not yet ready to make a 
far-reaching decision. 

k 



Possible response's: . • 

Look for other alternative Energy sources 
(oil shale, geotherma} , solar, etc.). 
Look for ways to cut down on the amount 
of energy 

1 . .** 





Total Energy Retirements > 
for All of the Next 25 Years 
,1975 to gOOO 
'3.1 x 10' 
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U.S. Gas 
■1.1. x 10 21 J 



u.s. oil M 

1.2 x 10 21 J , 




U.S. Coal- 
14.0 x 10 2i J 
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Total Energy> Requirements 
for All or, the Next 25 Years 
1975 to 2000 
.3.1 x 10 21 J 




U.S. Gas 
1.1 x 10 21 J 



U.S. Oil : 

1.2 x ia 21 j 



U.S. Coal 
14.0 x 10 21 J 
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Uni£ IH % Lesson 2; Conserving Eneggg 



Overview 



Background 
Information 



Objectives 



Materials 



This lesson attempts to stimulate students to think about ways to 
conserve- in use of energy. It begins with each student qompleting 
an Energy Attitude Survey.- The more immediate reasons f6t energy 
conservation are suggested. Energy waste is considered both in re- 
lationship to conversion efficiency and to the personal desires 'of 
people. ■ 

Material may ^be found in National Science Teachers Association ' ** • 
Fact Sheets #9 (Energy Conservation: Homes and Buildings)- #10 
(Energy Conservation: Industry); and #11 (Energy Conservation: 
Transportation). 

■ * 

Students should be able to; 

1. Explain the impottance of conserving energy. ;^ 

2. % I,is£ daily ways to conserve energy, r , " 

1- Energy Attitude Survey (Figure 14) , ' 

2, Analysis Form for Responses on Energy .Attitude Survey (Activity 11) 

i. Some Ideas foj Conserving Energy (Figure 15) 



Teaching Suggestions* 

1. Begin this lesson by having each stu- 
dent in the class fill out the Energy 
Attitude Survey, Figure 14. Have stu- 
dents compile the results of this. survey. 
The results can be distributed tcTtKr-^ 
class for discussion now or during Unit 
IV, Lesson 3, Students might want to 
give the survey to some other groups 
( e '8* » parents, teachers, students in 
other eiasses not studying energy) and 
compare the ^results of those surveys with 
their own, "Activity 11 taay help you in 
compiling and analyzing the responses. 

2. - What happens when there is a ,fuel £ 
shortage (coal, gas or, oil)? 



Commentary 



The importing of oil has disrupted our 
economy — putting people out of work, 
spurring inflation. If we use less en- 
ergy we isay be ableSto minimize the ad- 
Verse effects and buy time' in which to 
come to grips with the energy .problem.' 



Use graphing techniques for comparisons "be- 
tween students and adults, students and stu- 
dents and before and after results. 

We've ^ad the problem of factories closing 
because of the shortage of natural gas. At< 
times there have been long lines at the gas 
stations. There have also been shortages and 
increased prices for other related things 
such as fuel oil, oil based paints, axuf 
plastics. ■ * - 

Solardroid: ' 'tie.' , .do. , .not. ♦ .experience*, . . 
such. , v inconvenience. • .because. . 
Solardroid can point out the advantages of 
th^ direct conversion process. 
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Have students fold a piece of paper in 
half 3 times . ' Have them draw in each of 
the 8 boxes, things made of plastic. Stu- 
dents will pass the papers 6-7-8 times to 
other "students. On each pass, ask them to 
crdss* out a picture of a plastic* object ' 
which is NOT necessary for them to survive , 
At the end of the activity, discuss items'* 
-that are left (if any) ; discuss the rela- 
tionship of the items to oil, 

\ f 

3, Divide students into teams. Hang a 
large sheet of paper on the wall for each 
team. Have students A ist ways in which We 
might reduce the amount of energy we use 

. every day. ^ave a/three or five minute 4 * 
limit. Do ^not declare a winning team jUnfcil 
the class has locked at each team's iteims 
^. and,, fojiitad o them Acceptable. ' '*' ' 

* A v£i;££t& of 'conservation measures can be 
Ifeiti^'blw- in the school by your students/ 
A e. g.y ^ £ong term project : obtain copies 

k fif H £ne+4fQnthly school electric bill*. " 
Gh^ck to *aee % if tfi'e. students^ campaign has 
p^iBly tfpdaced the bill; \ 

4. Bj^c^ss energy tonserv{iti5ft*T?ti indus- 
try. Students may respond with examples 
such as a, b, and c. 

<a) Optional; To expand their lists of 
industry's conservation of energV » have 
students inspect flow charts (Figures 6, 
7, 16). , •> . . < ; ■ 



(b) Optional: -Have students list all 
the appliances that they o*^Pbe.g,, hair 
dryer$ f stereos " $ curling irons. Take's 
count of each appliance, Are tjhey nec- 
essary for survival? 



(c) Optional: Students may go k on' a re* 
cycling trip, collecting aluminum dans 
and bottles /- * This may b6 d$ne on the 
school grounds or in the heighbtfrhood 




Some of- ^heir ^nggest ions might be amon& 
thos^ ^isfted in figure 1§. . 

Students may wish to launch & campaign 
sctiool^to Reduce energy use, i.e. ,^ turn off 
lights when not needed. - „ 



•a 



areas* 



(a) Industrial response to energy cqgiderva-* 
tion suggestions was substantial and -rapid , m m 
where it could be shown that seduction of . 
wasted energy 'would result in greater com- 
pany* profits. Much o£ this savings was 
achieved by waste heatr recovery, greater us£* 
of insulation, using waste materials as fuels, 
and changes, in manufacturing processes. 

w <b) Greater emphasis has been pladed on the 
energy efficiency of the appliances being / 
produced by industry, it is up to us icon- 
sumers , > however / to choose to buy these mpre'\\ 
energy efficient home appliances. Their * , * 
. initial ]cost is often great&jtfq^t their ovej> } 
.all cost is generally slower aS^a the case .'...4 
of fluorescent versus incandescent lighting. 

(c) There has.bee& a modest increase i^ the 
.use of recycling For exatp^l^ f 4S of our ' 

aluminum/iS now biding recycled, bti$. 60? to 

75% could be recycled; About 90% of the en~ 
, ergy requited to produced a kilogram of ali^ai- 

num could be saved wi^h recycling. The , 
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5. .Optional: A Solar droid pan make a 
^pontrilHitlon here V waKof a summary ' 
which introduced a broader* examination 
of % the Meanings of waste energy. 




• ■ . • ■ — > - » 

Energy used unnecessarily is wasted. If 
■tpo methods for accS|iishing the same 
thing are known,, does, the extra- erieagy 
* used by the les.s efficient method re- - 
present wasted energy? For example, all 
other things being "equal ' in mining coal , 
if ,-«&thod A uses 3 J and method B uses 
2, J, then does method A waste 1 J? If so 
.this means that when a more, efficient way* 

x of doing something is discovered or de- 

x Sloped at .that point the older- ways * . 
become, wasteful. . With so many losses 
being, shown in the energy flow charts *' 
for particular systems, there is great 

- opportunity for binding new, moce effi- 
cient ways which' can reduce the losses. 



-recycling by refilling bottles has also aeen^ 
•- modest increases with some states passing 
. laws to bring it about. It has been calcu- 
lated that in 1972 if all. beverage containers 
had been refillable and had been refilled 10 
.' times, the savings in energy would have been 
over 2 » 10' .. . ^ 

y 

5. So^i*droid; Discuss the relationship 
between energy. waste and energy conversion 
efficiency. '* 

"The. . . system. . .for. •. .the, . .direct. . , conver- 
sion ... of . . . energy . . . that . . .we. . . Solardroids 
...use... is... 1002... efficient. In... a... 
sense. , . this. . .means. . .that. . . we ... conserve . ... 
energy., .completely. and. .'.perfectly. We..* 
waste, . .no. . .energy. . .at. . .all . . .by. . .losses 
. . .at. . . the. . .steps. . ;:alongx M atf.* .e>ergy, w 
flow. . .system. , ./ike. . .here. . .on. . .earth. 
But.,. .1. . .have*, .'.been. . .wondering* . . .is. . .it ', 
. ;.fair. . .to. . .call. . .all. .-.those. . .energy. . . 
losses* . .wasted. . .energy?- • * 3 »- .. 

f ■ * ' * ' . ' 

"Isn ' t » . . it . . . true. . . that. . .'some-. . . losses ... 
must. . .occur. .. in. .. those? . .epergy.^ .flow. .9 
systems? For. . .instance. .'Sisn't.v.it. . .ab- . 
solutely... necessary. . . to. . .lose. . .or. ..use . 
. . .some... ..energy . . . i n .„ . the. . .steps. .-. for. , 
mining., .coal? Is. ; .this. . .energy. . .truly.. . 
wasted? Is". . /all. . .the. . .heat.. . .energy. . . 
given,.. of^... at... an.., electric... power. ., 
plant. . .wasted? What. . .do. . .you. . .think?l , ° ' 



t 
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Figure 14 
Energy Attitude Survey 



Is there an energy crisis 
'(problem) ? 

Are most Americans^ ejier-gy " 
"wasters 1 '? 

Are Americans ^spoiled" in 
their energy uses? 

V^Arft Americans reluctant to take 
responsibility Sox energy use 
in the, future? 

Is it th$ responsibility of 
eve£y U.S. citizen to conserve 
energy voluntarily?' 

Will Americans conserve -energy 
only when government controls 
are imposed? . 

Ase most* Americans energy 
"conserver s ,f ? 

w6uld you^be willing to change 
the way you live to conserve 
energy? * 

• •» i% 
Would you conserve fener^y to 
sav,e money? \ 

Would you. save energy so that 
people 50 years from now can live 
the way you do? * 

Do you feel science and tech- * 
nology will M bail us out*' of the , 
energy shortage? - • . 1 

Do you "have* Any input or parti- 
cipation in the energy usage 
decisions made by your family? ' 

» 

Are you going to do something 
to save energy? * 



yes 



yes 



yes 



yes 



yes 



yes 



yes 



yes 



yes 



yes 



yes 



no 



no 



no 



'no 



no 



no 



no 



no 



no 



don 1 1 know 



yes * no 



no 



no;; 



don r t know 



don't know 



don 1 1 know 



don't know 



don't know 



don't know 



don't know 



don 1 1 know 



no dori't know 



dori't know 



don ' t know 



xton't know 
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. . • Activity 
Analysis Form for. Responses on 



Item Yes 



Per 
cen1 



No 



tergy Attitude Survey 



Per 

cent ■ Don » £ . Know 
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; i — r 1 r~ * — — 

Tally each response for each '.it^. \ Calculate percentages for each response. 

Cv^iftAl a • ^ .V ^ ^ i •* ~» * f Li V * ■ * ? 



° • yes ' 41 " 50% ; 10 • 33%; 'Don't Know, 5 * r6%. *\ 

™ 3lT , Iff 



R*» . . , - 

1. Survey your class before and after use of this oar-w »„ „_ i« . '• 
study of energy has bad an effect on students? "angers th " •■ 

2. . Survey other' classes . . 

• •' »' " / , : ' ' ' "■ 

3;- Priht your results. i B the .school newspaper. ',. ' . 



4 '* • 2JS^t.'2!22:f" ^ ad . n,ilTistrators - Compare their Responses 
with students 1 responses, , ^ * . 
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Figure 15 
Some Ideas for Conserving Energy 




Home/Commercial : 

1. Use appropriate amounts of insulation, storm-windows, weatherstrip- 
ping, caulking. 

2. Avoid unnecessary opening of doors and windfew^\ 

3. *jiTurn p thermostats down to 18 C (65 F) c\r less 'and wear warmc 

clothes inside* 

4* Set thermostat -at 26 C (78 F) 02; above during the cooling se£\on. 
. Usfe an attic, fan. 

5. Use only lights necessary for the task being done. , 8 

6. Consider -using fluorescent light. 

7. Turn off lights and appliances when not in use. 

8. Use energy efficient appliances. ■ . 
* 9* Do not use, self defrosting refrigerators, instant-on T.V. sets. 

10. Keep frost on pef rigerators and freezers less: than 0.6 cm {% in.) 

thick. t » 
lV. Set refrigerator for 4 C {40 F) and freezer for -18 C (0 F) . 
12* Keep light fixtures'and radiators clean. 

13. Humidify air. for greater comfort at lower temperatures. 

14. " £e sure the furnace is properly adjusted. 

15. Set hot' water heater temperature at 60 C (140 F) $r less. 

16. Use cold water whenever possible. 

17. Make sure the water heater is adequately insulated.. 

18. Keep good gaskets on doors of refrigerators, fropzer^V and and * 
ovens . > 1 

19. Operate* Wshing machines and dishwaters with full loads. 

20. Completely thaw. frozen foods before cq^king. 
21* Avoid eating too much meat* 

22.. Use flat-bottom pans of the same size as the burner Ion the stove. 
" 23. Use window coverings such, as drapery , 'shades blinds!, shutters. 
24 . # Close fireplace daniper when 1 not iffi use. 
-25. Repair* le^ky faucets promptly. • • \ 

. * ■ ' - I • 

Transportation: ^ t , \ ' * 

.1. Consider walking; ; * 
• s 2.^ Consider ^bicycliEfcj. * * 

' 3. Use and help develop mass t^nsit . 

4. Remember buges and trains are more Snergy efficient than airplanes. 
5; Use a small, high MPG automobile and keep it adjusted for efficient 

•operation'. - - - k - 

6. 1 Try to arrange car pools. ' 

7 • Organize activities to reduce the number, of- trips taken. 
8. ^nqourage* the transportation of freight by railroads. ' 

Industry:/ 

1, Support recycling, of metals, paper, and glass. , 

2 Support the use of ref illable beverage container^. 

3. Choose paper packaging products rather than, plastics . } » ^ 



Unit III, Lesson 3:, ^Nuclear Eher 



EL 



Overview 



Background 
Information 



Objectives 



Materials 



4 



This lesson is an. introduction to the processes id .nuclear energy 
trom mining -uranium to the power plants. 

Two sources of background material are: (a) 'National Science Teachers 
• Association, Energy Fact Sheets, #12 (Conventional Reactors), #13 
(Breeder Reactors) , and #14 (Nuclear Fusion) which are available ■ 
from the Department of Energy, Technical Information Center, P.O. Box 62 
Oak Ridge, TN 37830; and (b) National Science Teachers Association ' 

f n "gy: E "^ roItmeot , Source Bo °^. by JohD M. Fowler, pages 38-43, 108 
and 2o3 — 270. ^ ' ~* 

Students should be able to: 

1. Show the energy flow for electrical lighting from nuclear energy. 

2. Describe the general operation of currently operating nuclear 
power plants in the U.S., 



1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 



Teaching Suggest iort« 



Energy Flowchart for ' Electrical Lighting from Nuclear Energy 

(Figure 16, Teacher and Student Edition) 

Diagram of the Nuclear Fusion Process (Figure* 17) 

Note cards ' t ■ ' 

Diagram of- the Nuclear Fission Process (Figure 18 in Report A) 
30 marbles 

Boiling Water Reactor (Nuclear Power Plant) Diagram (Figure 19) • 
Large bar or household magnets 
Nuclear Energy Crossword (Activity 14) 

* Commentary 

i 

1. See Teacher Edition of Figure 16 for 
efficiencies and joule loss. 



1. Use Figure 16.. Discuss steps on the 
energy flowchart as in previous lessons. 
Have students calculate total joules for 
each step- by subtracting lost or expended 
joules.. Optional: calculation of effi- 
ciencies. ' 

/ ■ / - #i 

2. Solardroids s.tate ctiat being space*' 
travelers gives them special qualifica- 
tions to. report on stellar processes such 
as nuclear fusion. / 



< f.^ ;IS~^--" "-.w*'' 



Use Figure 17. 



/ 



Solardroid: Since you are an extraterres- 
trial and have had experience bumming around 
in space seeing things, you have been asked 
to describe what's gogfg on in stars that 
are like the sun. " , 



In nuclear energy, the word nucl^r refers 
to the structure of an atom. T# more 
massive' elementary particles called pro- 
tons ^nd nehtrons are concentrated fax a 
very small region called the nucleus at 
the center of an atom. Different kinds 
of atoms have nuclei containing different 
numbers of protons and neutrons which ' 
are held together by the strongest kind 
of forces Stpown. When the number of , • 



s 



•are. . .Solardroids. Solar. . .is. . -your. , 
star s...name. Your. . .sun. . . is. . .a. . .star . 
In... stars... like... the. ..sun.. .the. ..energy 
.,. .which. . .is. . .given. . .off . . .results/, .es- 
sentially .. .from. ,\ the.. .nuclei. ..of... four 
. . . hydrogen . . . atoms . . . coming. . : together . . . in 
. . .a. . . series... of . . .steps.. .and. .. forming. . . 
the. . .nucleus. . .of . . .a. . .single. . .helium. . . 
atom. For... such... a... fusion. ..typei,. nu- 
clear. . .reaction. ..to.. .occur. .. the. /.atoms. . 
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particles in a nucleus is changed, large 
amounts of^eaergy ' are sometimes given off. 



3.p Based on the following information, a 
student discussion centered around nuclear 
safety would be appropriate. 

Mnformation from the' Energy^Environmeqt 
Sourcebook ,, John M. Fowier, National 
Science Teachers Association, 1975, ' 
pp.* 4Q-41* . . « 



4. Set up the room in a /'stations" ap- 
proach. At each of the five stations * 
A, B,, C, D^and E, have a card with the 
directions and all material^. Divide 
students itfto five*groups. Thise groups 
will proceed through the stations doing , g 
all five in th£ class period. The teather 
should give t^e signal when s/he wants the 
groups to movfe to the next station. 



must- . .be. . .very. . .close. . .together. . .and. • . 
the. . . temperature. . .very;. . .high. . .which. . .are 
. . , the. . .conditions,. . .found. . .iti. . .the. . .sun." 

3. , ^Reactors are carefully designed against 
failure. Safety systems and back-up systems 
anticipate alanost any ^conceivable failure.^ 
Safety is also built into the reactor, the* 
stainless steel pressure vessel around the 
co^re will withstand ^small explosiori, and 
J0he entire core' is surrounded "by a concrete 
containment! structure also able to withstand 
small explosions. , Finally, at least to date, 
the reactors *are re^uitfed To be built at # # - 
some safe'distance from any large ^population 
center... This last requirement, under the pres- 
sure of energy needs, may be the first to be 
abandpned ... . 4 

The accident most feared is a loss of cool- 
ant* whic^ would result from a double break . 
in the^ large pipes that carry the cooling' 
Vater to and from the teactor core. It is 
unlikely, but an earthquake or sabotage, or 
carelessness could cause it. ..If this were to 
happen, the yater would be blown out of the 
reactor ( t?y the steam pressure. While the loss 
of moderator . would shut off the reactor, the 
core, because of the high *vels of | radioacti- 
vity in it, would quickly heat up. I Within a ' 
few minutes, it would begin to melt, unless the 
back-up emergency coreHcooling operated at 
once and successfully. If the core remain&d 
hot, a- pressure explosion might occi^* whlchi ' 
would ruptu& the containment vessels, or it 
could melt through them and perhaps melt its 
way down i,nto the ground exhibiting what is 
called the "China Syndrome" . 

It is not know^k what will happen.- The 
core cooling is backed up by an emergency core 
cooling system, and there is great controversy 
as to whether it will work as well *3 the theo- 
retical calculations 'say it will. It has (for- 
tunately) never been t$st£d in actual prac- 
tice* and it may never be., *. .„ 

4. Solar dro ids staff the* learning ^stations ' 
giving instructions, materials* "etc*- . 



FigJre 16— Teacher Edition ■ 
rgy Flowchart for Elec trical Lighting from Nuclear Energy 



Energy, Lost- or Exp ended 



95% Step, Efficiency 
Energy used in mining and" 
in 'preparation for mining 



901 Step Efficiency 
Energy represented in the discarded 
material and. used in "milling" the ore 



69% Step Efficiency , . 
. Energy used in transportation,-' 
uranium enrichment, pellet pro- 
duction, and fuel bundle 
fabrication 

. > 

26% Step Efficiency 
Energy expended in, operating ' 
the power plant' equipment 
and heat lost ho the cooling 
water livthe turbine condenser 

t 

85% Step Efficiency 

Energy \ost as heat which 

was produced by the electrical * 
_ resistance in the wires ■* 
'of the transmission power lines, etc. 

, <* 

\5% Step -Efficiency 
Energy expended to maintain N 
the filasfcpt of the light bulb- 
at a high, temperature (incandes- .' 
cent) but lost as. heat to the air 



10oV of nuclear energy 
in uranium "bVe in the ground 



95 J of nuclear energy 
in uranium 
at the mouth of the mine 



86 J of nuclear energy 
in "yellowcake", 
a somewhat pnrif led uranium ore 



59 J o£ nuclear energy 
in enriched uranium fuel pellets 
which are^ in metal tubes ' 
and assembled in fuel bundles " 



V 



. 15 5 of electrical energy 
leaving t,he nuclear Jower plan* 



t 



13 'J of electrical energy- 
.at a home -or other " R lace. of. end use 



7 



F 



0.'65 J of light energy] 



•*ffhis flowchart is written as if ai r ».« « J '* " 

energy 1„ th e< re.ctor. ?„ {.".^ly ^"t'u 5 SLT'"" — to h«t 

. In this chart. , « . ">» "aversion efficiency is not considered 

' ■ ■ ' ■■ " . '.: '■ "A ■ ' ' . ■ ' ' 



r 




* * ' 
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* v Report A 

All nuclear power plants in operation today make aise^of a -process 
called r^iclear fission. It involves the splitting of particular 
kinds of atomic nuclei roughly in half, A kind of uranium a£om 
known as U-235 is toiranoniy used. When the nucleus of this atom 
is struck by a neutron traveling at 'the proper speed the nucleus 

« 

breaks up to produce two smaller nuclei* Also produced are a 

small number of neutrons and a large amount of energy which i$ 

shown' in the form of heat energy. Each of the' neutrons , which are 

produce^ can be slowed down or moderated so that they can cause 

another U-235 nucleus to undergo fission. In this way one fission 

reaction leads to another* in what is called a chain reaction*. 

In present commercial nuclear power plants the production of too 

many fission reactions at the same time is prevented by th£ in- , 

sertion ofo control rods which capture the desired number of 

# 

neutrons. Even if the control rods completely failed to function, 
the nUclear plants would not produce 4 nuclear explosion because 
the concentration of U-235 is too low. However, if the cooling 

. system failed and the reactor melted, ^ the deadly contents, would 

i * . - . 

infect the countryside, t 

'Figure 18 ■ „ 

Nuclear Fission Process 




• a 
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Activity 6, for Station A - 

SSS/S°££lS? aCqUired ttao »" h USe ° f seve «l 
Marbles 

1. Cluster 5 marbles. * 

i 

2. - Place 6 groups of marbles separately (see diagram). 

3. Shoot a "free" marble at the cluster in an attempt to 
strike another "free" marble with one from the cluster 
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Station # B %s 

SoSC; i9 rit ? th 2 e a^fr of r he steps in — ^ 

reactor. ' ' and 3 ? re alre ady placed in, the 



1'. ^nside the reactorAhe chain reaction starts! 

•2. Heat is.-cjiven off when, energy is produced fj?bm the 
atoms splitting. . 

* 

3. Water removes this heat. ' * 

* . 

*4. Water bbils. 

>>* ■ ' 

5. ^Water leaves the reactor, as steam. 



6. The steam turns a turbine 



7. lf i The turbine turns a generator. 

' * * \ 
*8t The. gar^eriator producer electricity. 

4 i « * 4 

9- * The steam condenses into* water**- 
/ ltt.;^ The 'water 'is. cooled by outside water ' ' ^ 
■ , ^ e water is pumped back into the reactor, 
12. r The water flow begins again. 
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: Report C \'* '« 

Use Figure 19 toi: hejlp destfrtbe the general operation of a 
nuclear power plants 'The fuel fox current U # S» nuclear K 

power plants is, ur4niuaei \which has been slightly enriched 

- * -i • 

^ith U-235. Typical nuclear power plants, such ae* diagrammed 
i in Figure 19 operate at lower stSairf temperatures , which 
means a lower energy efficiency in generating electricity. 
Therefore, compared with a fossils fuel plant generating the 
same" amount of electrical energy, a nuclear plan-t produces 
' more waste heat energy.—- -Also, since a nuclear plant has no 
smokestack through Vhifch waste heat can be released, the con 
denser opoling water system must, handle a much bigger load. 

Activity 13 for Station C 

* - •* . 

Look at Figure 19. As a group, list four ."far-odt" uses 
for the waste heat of a nuclear energy plants Example:. 
Put a green hou'se there to use "the heat. 



i Statio n D ' / o 

down, and diagonal as well -as .backward. ' 9 across, 



Activity 14--Studenf Edition 
Nuclear Energy Crossword 



N Y Y G R E N E 0 P L 
NE02TFEUNDRU 
PURGYPDEGHW 
ARCXBJM. ECNS 
-QATLVXITENK 
U N.O REMNME RI 
EIPTNA'GSTUB- 
L U. I. S S % R O N E R 
B*MEDERNISS0 
REGNINIMIFI 
P R T N E U 0*1 I T K 
NOt SS JFNWNE 
P L W A N T P I 0 0 g' 
SFNETVESNIR 
SIO'NRORNESG 
N E R Y G P R E N U E 
ERTGYFLEUFU 
0 E U S S N'.O A U- F E 

RNEIIFISNOL 
OEN.ONNUE T.,T R 



0 
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Activity 14--Teacher Edition 
Nuclear .Energy Crossword * 



Y G R E N E 
N E 
"U D 1 
R C E . 

A L E 
N 0 R E R 
I A B 

U . R 
M 

G N I N I M 
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Report E . 

fusion use^ "fuels*" which are ^ntf will be available for bil- 
lions of years.' It appears to be safe and will not harm the 
environment. One kind of atom used in making fusion energy * 
is deuterium. Energy is needed to get the deuterium atom and 
in addition, money* and materials are needed to build the 
complicated plant and machinery. 

• ■ * 

Fusion is a nuclear reaction. In a way, it is the opposite < 

of fission. The fusion .reaction combines two very small 

nuclei to make a larger one. when this is successfully done, 

energy is released. Hqweve^r, the nuclei repel each other. 

* 

Fusion reactions occur in the. sun where the nuclei are held 

.'v 

together ar very high temperatures (100 million degrees C) , 
by gravitational forces. Since this extremely high tempera- 
ture is needed, the scientists have not found any containers 
to use to do the rea&ti^n in. Regular can, bottles,, or tanks 
won ' t work . . ' . 



ill * • . - 



Ixx/r ■ ' . , , > 

'.*■'•■'.'•• „ 1 ' 

•Activity 15— Student ^Edition 
Station E £>'■** 



Refer to Report E. Locate in the report and list below 
.problems that need to be solved in order for people to 
use fusion reactions as an enetgy source. 
1. 

: : ' \ ., • 

<> • 2. " 

3." 

List three "pluses" that make people want to use fusion 
reactions as an energy source*. 

1. . . 

<; 

3. - 
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( Activity 15— Teacher Edition 
i * . Station E 




Refer to Report ±. Locate in the report an^ list below 
three problems that need to be solved in order for peopl 
to use fusion reactions as an energy source. 

1. (Energy, money and, materials are needed.) 
, 2. (Nuclei repel, so extreme heat is* needed.) 

3. (There is no container to hold the reaction.) 

# * ■ 

# 

List three" "pluses" that make .people want, to use fusibn 
reactions as an ^energy sourcS. 

1. '(Available for billions of years.) 
/2. '(Safe.) * ' 

3. * (Won\t do much damage to - the environment . ) 



v v 
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J. Unit IV, Lesson 1: Solar Home Heating 



Overview 



Background 
Information 



Objectives 



Student experiments involving Collecting Solar Energy and Storing Sol*r 
Energy are included in this lesson. A. system for heating a building 
tfith solar energy is presented with details and possible modifications. 

See the discussion on the two activities, 16 and 17. Information on 
solar heating and cooling may be found in NSTA Fact Sheet #7, Solar 4 
Heating and Cooling. •*•.,-. ... 

Students should be able to: * 

1. Describe how solar energy can be collected and 'stored. 

2. . Explain h/>w energy flows through a solar home-heating system. 



Materials 



. 1- 

2. 

3. 

4. 

5. 

6. 

7. 

8. 
♦ 9. 
10. 
11. 
12^ 
13. 

✓ 

14. 
* 15. 
16. 
17. 
18. 
19. 



Collecting Solar Energy (Activity 16) 
3 styrofoam meat trays % 
2 thermometers 

Transparent plastic food wrap 
Water 

Black' ink and medicine dropper 
Watch • ; y — >v 

Sunlamp- (optional) \. 
Storing Solar. Energy (Activity l>f. 
Cardboard box painted black v * 
2 small metal cans t * 

Rubbing alcohol and water 

Diagram of a Solar Heating System (Figure 20, Teacher and Student 
Edition) , • ' 

Activity 18. 
Flashlight 

White paper pasted on cardboard 
Activity. 19 , . 

6-10 cola cans » 
Heat source 



20- wS' n " e Solar CollMtor <»*■•.». — 



Teaching Suggestions 

X. Solatdroid students can do the ex- 
periments on Collecting Solar Energy 
(Activity 16) and Storing Solar Energy 
(Activity 17). 

The Storing Solar Energy experiment 
should be set up so that the cans are 
heating in the box half A an.htmr or more 
b#fore removing the cans ajrak taking the 
temperature measurements. 



Commentary 

1 . Solardroids : "Ear thlibgs ...fco... through 
• . • so , .much. . . to. . .get. . .energy. Looks. . . 
like. ...a. ..lot. . .of. . «atar. . .energy, ' Whet. . 
do. . .you. . .call. . /it?" \ 



Earthlixtg: "Sdlir Energy . - Sol is another 
•nape for our star, the ^sun. Remember;, that 1 ! 
yhy we called you Sola?droids-»~bec*use you 
go on star power!" ' T 

Solardrbid s • "Oh . . .yes . . .well; jfehy . . . don ' t . , 

you. . .'use. . .more. . .of . . .old, . .8<xL?" 

•. * i 

S^thliagj "We don't have it all worked out 
yft— how -about helping us?." 

Solardroid: "We'll. . .give. . .it. ..».. .try, " 



v. 
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Have students 'predict the outcome of 
Activity 16- Compare the results of the 

activity with the prediction.. Discuss 
4 the comparisons. 



t 

As the temperature of the water in a 
plate increases, there is. a more "rapid 
flow of heat energy our, of the plate in- 
to the air. The covet interferes with 
this heat flow and atts like the glpss 
or glazing on actual' solar energy col- 
lecting panels. A vind would make the 
effect of the covar more noticeable. 

. 2, Again have students predict, record 
results and make comparisons for Activi- 
ty 17 as in Activity 16. 

3. Describe a system for heating a house 
using solar energy* Use Figure 2(U Have 
Students tracp the general overall flow 
of energy in the system by coloring a 
path from the sunr to the air in the room. 



4 . Use Figure 20 . Wt^ere is the solar 
collector located? Wtfy is it there? 

The coil^ctpr needs to point south and 
up at a particular anglp to be 'most ef f in- 
dent in collecting solar energy. t - 

. .. * 

Do Activity 18. Discover what allows for 
maximum light on a given surface. 

5. The sunlight* fills on a black metal 
^surface where it is converted into heat 
ienergy which incteases the temperature 
Jq| the metal, VJhat do you think happens 

next in the energy flow? 

Do Activity 19/ Discover conduction df 
he^t energy. . * ^ ■ 

6. The heated water %s pumped dcrfm into 
a water tank where heat energy flows from 
the circulating water into, the water in 
the energy storage tank* 



c 



In the Collecting Solar Energy experiment,' , 
thp plate in the^ shade will probably not^ show 
much increase in temperature, while the 
dov6rW plate will probably show the greatest 
increase- . , # 



2. Water is good for storing heat ejiergy. 



3. A. The energy, in sunligh^ enters the 
system through a sola» collector wher^ it is 
changed into heat energy.* 

This heat energy is transported to an 
energy storage area* . " 

/ C. v From the energy storage a'rea^ the heat 
is* removed and — 

D, Transported as Required to— 

E. Where it is used to heat a room.- 
The energy storage area makes it possible to 
heat a room at night with solar energy which 
vas collected during the day. 

4« It is on the roof where there As less 
problem with shadows. 
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The heat energy in the metal is transferred 
or conducted to the circulating water with # 
which it is in contact. The* temperature of 
this water is thereby increased and the tem- 
perature of th'e/saetal dScreased| 



Sol&r droid : "Ok . t . so . . .when . . /this . ..water. . 
is, . .going. . .through. . .the. . .energy . . .storage 
...tank... it. ....cools.,... off. Why?"' 

* ■ ? 
Earthlings "It gave ,its hea£ to the water 
in the storage tank — get it?" . " . • 



This cycle* transfers heat energy from the 
solar collector to the energy storage 
atnk. But, what must be true about the 
temperatures «£or this to happen? 



When do these conditions occur? 



.When this in not the case? and the tem- 
perature of the room still needs to be 
raised, $n auxiliary system is used. 
Practically all solar heating systems 
have an auxiliary or back-up system be- 
cause this fa the most cost effective 
overall to ensure that the house is • 
kept heated at all times. 

<■ 

7. Wh* happens in freezing weather*? 
What could you do? (Hint: Col* weather 
help for cars. ) 



'Have students make class^ lists of advan- 
tage and disadvantages of solar energy. 
Accept most entries to the list. Let 
students take the lists and rank each 
item from most advantageous to ^Least * * 
advantageous in each Hat** Discuss their 
reasons for, their ranks. *> 



Solar drp id : "Ok. . . so . . . it . . . then . . . goes , . . 
back. . .to. . .the. . .solar* . .collector. . .where 
... it. . .starts. . .all. . .over. " 

the metal in the sola? collector must be at 
a higher temperature than the circulating 
water entering tfhe solar collector and the, 
temperature of the circulating water in the 
lopp passing through the engrgy storage tank 
is at^ a higher temperature thafc the water in 
the energy storage tank itself. 

When the sun is shining. 

^olardroid: *"0k. . .what. . .happens. to. . .the 
. . .heat. . .in. . .the. 4 .,. energy. . .stoxtege. . - tank? 

Earthling: "The other loop of circulating 
water transfers heat from the storage tank to 
the air ^n a room fin exactly the same way as 
the* first loop operates, -The temperature of 
the water in the energy, storage/tank must be 
greater than the temperature of the air in 
the room in order for this transfer to occur. 



The water' may" freeze. To provide for t£is 
problem some water systems add antifreeze to 
the water and otheis systems drain the water 
out of the collector when the pump is i not 
operating. 

Solardroid: "What. .. happens. . .in. , . Rummer? ' 
How. . .do. . .you. . .nofc. . .have. . .a. . .heated. . . 
house?" . 

Earthling: 'Veil, we could use ventd." 



Advantages 
lT lots of sun^ 
light 

2. Sunlight is not 
expensive 

3. Etc'. 



Disadvantages 
1. Roof is ugly 
?. No sun at night 
3. Etc* < ' ■ 
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8, Divide into teams to do "student pro-* 
ject^: 

1. Make blueprints of solar heated 
' house. 

2. "Make a model of a solar heated 
house (use cardboard boxes, etc.)* 

3. Make an artist's view of a solar 
heated building {to present an 
aesthetically positive picture). 

4. Make a scrap book of clippings 
about solar houses and other solar 
energy uses. * 

5. Make a solar marshmallow cooker. 

6. Sun shower 

7. Solar oven 



For 5, 6, and 7 refer to the following 
sources : 

Paine, Carolyn antf Bruce ^Raskin. "Energy 
for Today and Tonsorrov. ,f Learning: 
• The Magazine for Creative TeacMng 

(January, 1978): ' 48* 

Merrill, Richard, Chuck Mlssar, Thomas- 
Gage, James Bukey, eds, Energy Primer 
Solar, Water, Wind, and BioFuel$ . 
Fremont, California: Fricke-Farks 
Press, Inc., 1974. 
» 

Halacy, D. S. Solar Science Projects:* 

Englewood Cliffs, New Jersey: Scholas 
tic Book Services, 1974. - 
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„, Activity 16 
Collecting Solar Energy -* 

3 styrofoam meat trays' 
Thermometer 

Piece of transparent plastic food wrap 
Water Black ink and medicine dropper 
Watch . 
Sunlamp (optional) 

1. Fill three identical styrofoam meat trays 3/4 full 
with water which is at a temperature about that of the 
air. V 

2. A£d five drops of^black ink to each. ; 

3. Cover the top of one of the trays with transparent ^ 
plastic fdbd wrap held in position with a rubber band. 

4. Place the covered, tray and one of the others in direct 
sunlight and the 1 , third tray in the shade. 

5. After about 25 minutes, measure and record the tempera- 
ture pf the water in each of the trays. Offer explana- 
tions fQr '2fny temperature differences observed. (A 
sunlamp maV be substituted for the real sun.) 



\ 
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' Activity 17 ' i ■ 

. Storing Solar Energy 

Cardboard box painted black of covered with black paper 

2 small metal cans 

2 thermometers 1 % 

Watch' 

Water and Jfubbing alcohol * 



1. Fill 2 small metal cans; 4 one with water and one wi,th* 
rubbing alcohol. * * 

2. Place a thermometer in the center of each can. 

3. j Put all the cans in a box (from Unit I, Lesson 2) 

which has been painted or covered ' in ^ black and set in 
the sun. 

4. Close the box and leave it in the sun for at least half 
an hour. ' N 

5. Remove the cans -and read and record the temperature of 
each. • . 



6. After five minutes, ,stir each can and read and record 



each temperature. 

7. Repeat again after ten minutes. 

8. Repeat again after fifteen minutes. 

1 

Discuss: .Which temperature falls the slowest? 

Which material might be the best for storing solar 
energy as heat? 
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Activity 18 



Materials 



Y 



Flashlight < 

White paper pasted on cardboard 



1. 

2*. 
3. 

/. 



0 

Have a. student ho^d the flashlight as below, keeping' 1 it 
m the same place. 




Have another student hold the paper at diff erenttj angles . 

,'•'1 

You might try to measure the angle of the paper from th^v 
perpendicular to the floor. ( . \ 





\ 




4 




I \ . ••• — - . . . 

What .angle allows f pr\the mo art light to shine on the paper? 
How is this related to\ the roof of a solar .house? 



er|c 



I: 
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' Activity 19 > V } - 

" > ■ - .' . ■ . * ' rv % 

Materials . 6 M 10 cola cans % ^ i — 

* . - feat source t " . 



1. 


FiJ.1 


cans with water. 


2. 


Line 


the cans up side by side 


3 . ' 


Heat 


the water in can 1. 


4. 


Record the temperature in c?an 




five 


minutes. % 



Discuss: Is there a change "in the temperature of the 
.water in can 6 (or can 10)? 
If so, what made it change? v 
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Figure 20 
Solar Heating System 




V 
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Overview 



Background 
Information 



This lesson includes two experiments, each involving a different sys- 
tem for converting solar energy into electrical energy.' One system is . 
a central receiving power station in which light is reflected by mirrors 
onto a steam boiler on top of a tower. The other uses solar cells to 
make the conversion directly. The Peter Glaser proposal for an Earth 
Satellite Solar Power Plant is presented as an optional topic. 

Rather widely circulated artist's pictures show a system with a focuaing- 
mirror-collector shaped like a trough with a central pipe to receive the 
sunlight. A heat transfer material such as liquid sodium flows through 
the pipe in the collectors and delivers the collected energy to a cen- 
tral electrical generating plant. At the electrical generating plant 
the heat energy in the sodium is used to produce steam from which elec- 
tricity is generated. This system has advantages such as a capacity for 
short term energy storage and disadvantages such as lower operating 
efficiencies. ' * " * 



Objectives 



Materials 



Solar cells are also referred to- as solar batteries (an incorrect term) 
and as photovoltaic cells. 

Students should be able to: " 

i. Describe two different systems for converting solar energy into 
electrical energy. 



1. 

2. 

3. 

4. 

5. 

6. 

>. 

8. 

9. 
10. 
11. 
12. 
'137 



Solar Power Tower (Figure 22) 
Dowel, 50 cm long 
Foam ball 

20 mirrors, 10 cm x 15 cm 
large mural paper 
20 popsicle sticks, tape. 
t crayons ' 

Solar Cell Powered Motor demonstration (Activity 21) 
Solar cell " 
Motor with spinner disc 
100 watt light bulb 

Earth Satellite Solar Power Plant" drawing (Figure 23) 
Glue,. paper, cardboard, bars, -twine, hangers 



Teaching Suggestions 

1. Show the drawing of a Solar Power 
Tower,. Figure 22. This, is a device which 
produced steam from sunlight. Describe 
how the mirrors are «i«dflg|4vidually so 
that. the|r reflect sunligt|| K> the • 
.boiler on top of the centraT^oluan . Tell 
the class that as the sua moves across the 
sky the position of each.' mirror is auto- 
matically adjusted.' Ask how the steam 
which.- is produced can be used' to make 
electricity. 



Commentary 

Solardroid: "A. . .bit. . .large. . .but. . .you're 
...on... the. . .right. . .track. ..in. . .collecting 
sunlight." ^ 



The very same kinds of steam turbines dri^ 
electric generators which are used in fos 
fuel and nuclear plants make the electri- 
♦here. 
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An important advantage "bf this kind of 
0 central receiver solar power plant is the 
high temperatures which can be achieved 
in the boiler. These higher temperatures 
should result in greater operating effi-. 
ciencies. A plant tcp test this design 
idea is being built in New Mexico, 

2. Activity 20: This activity deals 
'With the adjustment of the mirrors. The 

activity could >e done in one class per- 
iod with only 'ciflfe mirror check or it 
could last a longer part of the day with 
more mirror checks. 

3. Some of the electricity used in earth 
satellites is produced by solar cells 
which convert light directly into elec- 
tricity. Solar cells were located on the 
outer surface of satellites until so much 
electric energy became required that 
large numbers of solar cells had to be 
mounted on panels which were extended 
from the satellite fcfter launching. HaveC 
the Solar Cell Powered Motor sxp^riment, 
Activity 21 f performed- by a Solar dro id 
and/or other students. 

*. 

4. * Optional: Two presentations follow; 

a) Solar* cell make-up 

b) Earth satellite solar power plant 

Students could write role-playing skits to 
present a) and b). 



Students could build models of the pro- 
posed satellite-to-be and hang a$ mobiles 
in the classroom. 



Have students make a mural size flowchart 
to show how they think sunlight makes elec- 
tricity in tfris process. Reffer to Unit II, 
Lesson 1, for electricity generator plant. 



Solardroids: fr Now. .Earthlings. . .are. ..begin 
ning. . . to. . .think. . .of . . .ways. . . to. . .use* * • 
solar .energy. . .directly. 11 



a) Optional: A solar cell may contain 
a substance, like silicon, known as a 
semiconductor. Semic onductors are so 
named because their ability to conduct an 
electric current is neither good like 
copper » nor poor like rubber. When two 
different kinds of semiconductors are 
joined together to make a solar ceil, 
the common surface where they touch has < 
a useful property. This property is the 
production of electricity when light, 
after passing through oae of the &&s&cQn~ 
due tor a, strikes their commdh surface. 
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An electric wire must be\connected to 
each of the semiconductors, and* by pro- 
perly hooking up the, wires from many 
solar cells, larger amounts of electric 
power can be -obtained. *he electricity 
produced using solar cells Is still about 
20 times as expensive as electricity from 
fossil .fuel power plants. 

b) Optional: The following ip a pro- 
posal for an Earth Satellite Solar Power 
Plant. An earth satellite would be placed 
in a synchronous orbit, which means it 
wopld remain above a particular spot on 
the earths surface. This would put it • 
about 35, QOQ kilometers (or 22,000 miles) 
high and it would always be in the sun- 
' light* Moreover, this sunlight would be/ 

stronger since it would not have passed 
^through the earth's atawsphere. The * * 
satellite would consist of two huge 
panels of solar cells about. 4 kilometers 
(2,5 miles) on an edge, connected to a 
central transmitting station, Figure 23 # 
The electric energy from solar £ells 
would be converted into microwaves (as in 
^microwave ovens) which pass through air 
rather easily. The microwaves would be 
beamed to a microwave receiver' on the 
surface of the earth and their energy 
changed back into electricity. What pos- 
sible problems are there with this 
proposal? 



Building something this size in space would 
be difficult and expensive. There could be 
problems with the microwave, beam it if missed 
the location of the receiver* or if birds or 
airplanes flew into it. 7 " 
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Figure 22 
Solar Power Tower 



/ 
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Materials 



\ 
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Activity 20 

Dowel,'. 50 cm long 

Ball (foam) ' - 

20 mirrors, 10 cm x 15 cm 

Large mural paper' 

Popsicle sticks (20) 

Tape 



1. 
2. 
3. 

4'; 



6 

7, 

8. 



Push dowel into foam ball. ' / 

Tape popsicle stick on each mirror. 

Place mural paper -on level' ground outside school. 

Push dowel with ball into paper and ground (about 
center of paper). 

Place mirrors in ground similar manner and at such an 
angle so as to reflect sunlight on the foam ball. 

Push mirrors in ground. 

Mirror "checks : Every half hour check mirrors and move 
them if necessary in order to keep the sunlight re- 
flecting onto the t ball . 

Hang mural paper in classroom after all mirror checks. 



Discuss; How many mirror moves were required?' How could 

these moves be accomplished without people movinc 
the mirrors? ^ .• - 3 




m 
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Activity 21 
Solar Cell Powered Motor 



Suitable apparatus for this demonstration, if not on hand, 
jnay be borrowed from a physics teacher , a student who has an 
electricity experiment kit, or purchased from electronic 
supply stbres, or scientific supply companies. 



Materials 



Solar cell (Bell Telephone Co*, Radio Shack, Edwards Scien- 
tific) 

^ Motor with spinner disc , % 

Lamp with 100 watt bulb 

1. Aim the solar cell at the sun, i 

2. Turn the solar cell slightly away from the sun. Explain 
any changes in how fast the motor goes. Pi 100 watt in- 
candescent light bulb can be substituted for the sun, 

3/ Move the solar cell different distances from the light 
bulb. Explain any changes ih how fast the motor goes. 

' 4 . Discuss: Would you expect any difference*, in how fast 
the motor goes when the solar cell is pointed directly 
at the sun early in the morning*, at noon, and late in 
the afternoon? Try iti Explain any differences. 




in 
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Figure 23 
Earth Satellite Solar Pnu^ Pi inr 
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Unit IV, Lesson 3: The Energy Future 



Overview 



Background 
Information 



Objectives 



Materials 



The lesson begins with discussions of alternative energy sources. - 
In this lesson each student should be able to tie together all that 
has been previously presented. Projections concerning the energy 
scene for his/her lifetime are made. ' 

* *• ' 

While this lesson- has a, modicum of the more objective factual 

ttat iV we^ e n ial * ^ ^ ^ ^ne K 

that we do have an energy problem. There is some controversy as to 

solutions" d r\ 11S ° f ^ ener ^ P*i*l«(.)" and ^Appropriate 
solutions. For background a teacher needs to carefully examine the 

senteHn 1°^%°'^ "* alert t0 the s * ecial ^t.SS repre- 
sented in much of the material put out for public consumption. The 

Energy-Environment Source Book, by John M. Fowler, National Science 

sTr?iZ\TeTi< l*^™' "T in8t ° n > D ' C " 1975 ' 18 ^formative without 
serving one side or another, especially pp. 85-102. 

Students should be able to: 

1. List additional alternative energy sources. 

^entify certain aspects of energy supply and demand which 
s/he believes will effect his/her life. v V- 



1. 
2. 
3. 
4. 



Teaching Suggestions 



New Energy Resources (Figure 24) 

Ranking New Energy Resources (Activity 22) ' 

Non-Fossil Fuel Flowchart (Activity 23) 

Projections of Types of Non-Fossil Fuel Energy Use (Figure' 25) 

•'7 ■ , ■ 

* Commentary 



1. This ftesson can begirt with a consi- 
deration of New Energy Resources, 
Figure 24. v * 



Use Figure 24 and Activity 22. 
with Activity 23. 



Follow 



2. Ask students if they would be in- 
terested in knowing whete they will , spend 
the rest of w their lives. 

The Solardroids have been thinking about 
their future and one erf them has a final 
stateaent ^0 aake to the class. Have stu- 
dents attempt to Convinc e t^je Solardroids 
to stay/leave earth in debate fashion. 



It Student committee reports may be an 
appropriate way to explore energy alterna- 
tives with students. 

Activity 22 offers a way* for students to* 
rank alternative energy resources. 

Activity 23 allows the student to use a 
mixture of energy alternatives. 

2". They will spend their lives in the future. 

Solar dro id: The other extraterrestrial* 
have supposedly asked you to make this last 
class presentation for thea. ¥ourV«sigaa^t_ 
is to express some concern for the future 
and attempt to get your classmates, also, to 
give some serious thought to their energy 
future. , ' k fc . • 



"Since . . . our . . . flying . . . saucer . . . crash . . . 
landed. . .here. ..on. . .earth. . .we. . .have. . ♦ * 
learned. . .a. . .great. . .deal, . .about. . .this. . ♦ 
planet. . .and. . .the.* .United. .* States* We. . . 
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3. Nobody knows for sure what will hap- 
pen iri the future, but most everyone 
makes some guesses. 

The guesses are less certain the further 
they go into the future. After studying 
this, material on energy students should 
have a better basis for predicting cer- . 
tain aspects of their future. Ask-what 
they see in their future in regard to 
'energy* % 

Go over instructions on how to use Fig- 
ure 25. Suggest that on the back of 
-Figure 25 students write any comments or 
explanations th£y have regarding their 
predictions. The students could work in 
snail groups. 



now. . .must. . .make. * .a. . , decision. . .which. . . 
may. - .be. . .the. . .most. . .important. . .on?. . .in 
• . .our. . .lives. We. . .have, . .repaired. . .our. . 
flying. . .saucer. . .as. • .best. . .we. • .can. * It. . 
may. . .not. . .be. . .good. , ."enough. . . to. . .get. . . 
us. . .back. . .home. . .safely. . .to. . .planet. . .X- 
But. , .if. . .we. . ^decide. . .to. . .stay. . .here. . . 
on. . .planet. . .Earth, . . .we. . .see. . .problemd. . • 
in. . .connection. . .with. . .energy. . .supplies. 
Our. . .questions. . .about. . .the. . .future. . .need 
. . .answers. . .before, . .we. . .Solardroids. . .can 
. . .make. • .our. . /decision. . . to. . .-stay. . .or. . . ^ 
leave. We.\ .would. . . like. . .our. . .Earthling. . 
friends. . .iri. . .this. . .class. . .to. , .tell. . .us 
. . .the, . .energy. . .future. . .they. . .see* . .for. . 
their. . .lifetime,. . . please. " 

Earthlings : Offer responses to the Solar- 
droids 9 plea. ' 



« 4 



What the students put down on paper is much 
less important than the fact that they* are 
thinking about their energy future, 



4. Optional; If not done previously, go 
over the results which were obtained from 
the Energy. Attitude Surviey. The responses 
may be put on the overhead projector or - 
distributed to each student. 
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Figure 24 
New Energy Resources * 

GEOTHERMAL 

—The earth's center is a molten mass. 
—At places the hot mass is close to 'the surface. 
~~Zi%?in° q l. th& cl °-ness are volcanos, geysers 
— This heat can be tapped. \ 
—It can be used to generate electricity. 
-There are few environmental problems with it. 

""near SI*? %™ ° nly be ta PP e <* where it is 
near the surface, * • 

""aenthf^? iS ° n f ° r Qther areas w here this 
geo thermal energy can be reached. 

4 

COAL GASIFICATION - 

—Using high temperature and pressure, coal can 
be converted into a gas. % 

—Conversion plants need to be near coal fields. 
--Coal gas burns cleanly. 

"S^j&szrstu* the ooai 




COAL LIQUEFACTION 

—Coal can be converted to an oil-like liquid. 
—The technology is not completely developed. 

"Si a f vanta ?f over c °al gas is it can -make all 

the usual oil products, including a kind of ga*s- 
1 ©line to run our ears. ... y 
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■ ' A. 

Figure 24 con't. \ 



WIND 




—Wind is a form' of solar energy. 

It' is caused by variations in the temperature 

o£ the air heated by the pun. 

— This temperature change causes air to move . 
— Wind doesn't blow all the time. 

I 

— Practical storage systems are still being 
developed. 

—Sailors and farmers have used wind for ages. 

—Will large windmills' someday be able to provide 
electricity for entire towns? • 





OIL SHALE 

—Oil shale is a rock that yields o\l when crushed . 
and Jheated. ' * - 

—One ton of rock may produce as much as 25 gallons 
of oil. * 

t « 

Oil shale deposits are located in the West. 

— «phe rock must be Joined, 

'—To extract the oil large amounts of water are 
needed*. 

—How to dispose of the spent rock after the oil 
is extracted is a problem. 

—Vegetation fill not grow on the used shale. 

—Without vegetation, some animals may lose their 
homes and food. 

—Pollutants will possibly be carried to larger 
bodies of water. 

—Oil shale processing contributes to air pollution 
PY ROLYS IS OF SOLID' WASTE . , 

—waste can be heated to produce oil and gaseous 
products. " 

—This same waste is an environmental problem. 



Figure 24 con'tV 

"^U? eri ^ t0 * b " Uteres in 3raaU 

-<Fh* cost o* collecting' it is a problem. 

*' 

SOLAR „ . 

*< : ■ u 

—At present this is very expensive. 
—Prices will probably get'ioWer. 

—There are many problems to be solved (& a • 
improving collectors, installing; storage) 

FISSION (Breeder Reacto f) 

-Uses uranium which will probably last 100 years 

—Questionable as far as safety (for examole 
local safety, bomb making). ' ' example ' 

-The original cost* of a -breeder is very }.arge. " 
FUSION ' 

out^ 8 " WMCh prob ^ not ^ 

—Appears to be environmentally safe. % - 
--<Fhere is no appropriate way to contain it yet. 
—It probabV won't be available until after 2000. 
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Activity 22 



•A 



Some energy resources- are better to* use £han others. Some v 
are easier to get at. Some exisjt; in greater quantities 
than others. Each has its positive and negative points. 

Consider each of the following; (a) geo thermal; (b) coal 
gasification; (c) coal liquefaction? (d) wind; (e) oil shale; 
(f ) pyro lysis of solid waste; solar; (h) fission; 

(i) fusion. Determine the plus and minus points involving 
.the use of each according to the; following factors: 

A. Technological feasibility * 

B» puantity . — 

C. Availability . *\ . 

D. Impact on- environment . 

E. . Obvious problems 



Ranking New Energy Resources 



Geothergial ' 


A 


B 


c 




. i 1 


Total (-> 


Total (+) 
















Coal Gasi- 
fication - 
















Coal Lique- 
faction 
Wind 
















Oil Shale 
Pyrolysia 
of 

Solid Waste . 
Solar 
Fission 
Fusion 




1 ; , i * 






f 




V 

* 





Place either <+) or (-) in each box. 

a . ' , . ' • • . . . 

R&k Order 



MOST ACCEPTABLE 
I. 2. . 



3. 



4. 



LEAST ACCEPTABLE 

. 5. 



' should a' decision be m$de to only use one of the above energy y 
resources? Why? What other options are there? 
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Activity. 23 



Use these symbols « J 



direction 
of flow ■ 



explanation / 
of 




.sun 



Prqyide your own symbols as needed. 



V 
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Figure 25 

Projections of Types . * 

of Non-Fossil Fuel Energy Use 

The first circle represents the total amount of energy from 
non- fossil fuels used in the year .1975, Complete the graph 
for the year 2050. You may want to jot down your percentages 
on ' the table below to make sure they ^otal 100% before 
marking the graphs. 

• ( * 
When marking the graphs , start .with the given line and go 
clockwise , giving in order the particular sources indicated 
below a>nd labeling each source's slice of the pie with its 
letter key. Omit any source you know nothing about or are 
predicting will be less than 1%. 



1975* 2050 



A. Geothermal 






B. Hydro 


4-% 




C. Fuels, from municipal wastes 






D. t Nuclear , conventional fission 






E. Nuclear, breeder 






F. Nuclear , fusion 






G. Ocean {waves , tides, thermal) 






H. Solar h^atincj and cooling 






I . Soiar^electric 






J. Wind 






K. Wood and other fuels from 
non- fossil plants 






L. Sources not listed above 






* ■ TOTAL 100% 100% 



♦In 1975 aJLl uses bf non-fossil fuel except hydroelectric aricl 
conventional and breeder nuclear energy were less than 1%. 
All other energy used came from fossil fuels. 
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